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INTRODUCTION 
Vj'hen premature killing frosts occur in the autumn of the 
year there is oonaiderable anxiety over the effects on the 
com crop and on the quality of seed corn» Liaturity of the 
corn crop is the principal factor in determining the damage 
done to corn by frost. Late spring planting, unfavorable 
conditions during the growing season, and the use of late-
maturing varieties are factors which, alone or in combination, 
may delay maturity. Freezing temperatures kill the foliage 
of the immature plant and stop further development of the 
kernels which may be relatively high in moisture, low in test 
weight, and damaged in quality. Viability of the kernels may 
also be damaged. 
Since 1921, there have been eight years in which less 
than 90 per cent of the corn crop in Iowa matured without 
froot damage (57)* During the period 1921-19'^5» the average 
percentage of the corn crop maturing safely without frost 
damage was 88 per cent. Only 33 per cent matured oafely in 
1924 and 65 per cent in 1945* 
The most recent premature killing frost in Iowa and most 
of the corn belt occurred in the autumn of 1945. T^ate spring 
planting, cool temperatures during the early growing season, 
and an early frost in the fall were factors contributing to 
frost damage. Average test weight of the Iowa corn crop in 
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19^5 wee 49'6 pounds per "bunhel (57) conipored with the ten-
yesr meen (1938-1947) of 55»2 pounds. Trane-lsted Into 
"buohelJ^ of corn, thiB reduction of 5*6 pounds per bushel in 
tent weight Tr;epnt a lopn of Bome AO to 50 million bushels in 
lovfp. The averege moisture content of corn wes 40.0 per cent 
in October coir.psred with the ten-yeor inep.n of 27*1 per cent, 
i-'torsge of "soft" corn v?s£< B problem in many area p. By 
November, the strate average rcoiBture content had dropped to 
22.4 per cent couipered with the ten-year mean of 19»5 per 
cent. 
G-erirination and quality of a lar^!:e portion of the hybrid 
seed corn croyj in 1945 were reduced re a result of early 
froi^tR. According to data on certified hybrid seed corn pro­
duction in Iowa (43), 29 lots of seed were rejected for cer­
tification in 1945 because of low geriT^ination, while no lots 
were rejected in 1944 and only one lot in 1946. In addition, 
50 lots of seed were abandoned in 1945 compared with 13 lots 
in 1944 and 27 in 1946. PreEuniably a number of abandonments 
in 1945 were due to low gerininatlon or spoilage caused by the 
early freeze. The total number of bushels of hybrid seed 
corn certified for sale in 1945 was 443,506 compared with 
881,116 bushela in 1944 and 765,541 bushels in 1946. Fortu­
nately, there was a considerable carry-over of 1944 saed 
which alleviated the short seed-corn supply for 1946 planting. 
Kany seed corn compsnies recoramended a heavier planting rate 
for 1946 since germinstion percentages were generally low 
-3-
iVltli practically 100 per cent of the corn acreage in the 
corn belt now planted to hybrid corn, the former is dependent 
on the hybrid Deed corn producer for hia seed corn each year, 
i-'arinera and aeedaioen are vitally interested in the condition 
of the aeed corn crop, since aeed quality and geraiination are 
iiuportant factors in obtaining good stands and yieldB of 
corn. Relatively little information on the effecto of freez­
ing teraperature on aeed corn is available. 
Kiesselbach and Ratcliff (27) conducted an extensive 
study of freezing injury to open-pollinated seed com from 
1913 to 1920, but open-pollinated varieties have been 
replaced by hybrids for which wo have no data on front 
injury. The present study was undertalten to deternine the 
effects of toiriperoture, moisture content of the need, length 
of freezing period, variety of seed, rate of freezing and 
thawing, repeated freezing and thawing, and rate of dryin(5 
on freezing damage to Inbred and hybrid ruaiaa aeed. Relative 
tolerance of aeed of a group of inbred lln«3 to freezing 
tomperature and the effect of genetic constitution of the aeed 
have been investigated. Yieldo of corn grown from frozen and 
unfrozen seed were compared. 
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REVIIi.W 0? LITERATURE 
Literature on freezing injury and hardiness of plsnts 
hsR become voluminous, and a number of theories have been 
advanced to explain these phenomena. An extenaive review of 
the literature (more than 600 citationB) has been luade by 
T^evitt (29)' Luyet and Gehenio (33) havo published a mono­
graph dealing with the fundainental problems of the prefierva-
tion of life and of the niechani!?ni of death at low tempera­
ture. A bibliography with short abstracts on low tempera­
ture effects on plants has been published by Harvey (20). 
Numerous studies of the effects of freezing temperatures on 
vegetative tissue? of plants have been reported, while the 
effects on seedp. have received considerably less attention. 
Theories of Gauaea of Freezing Injury 
Early G-reek philosophers observed and discussed freez­
ing injury to plants, and for centuries scientists have 
attempted to explain the causes of injury and to discover 
the cures. Levitt (29) has reviewed the early theories-
Since these early theories have largely been discredited by 
more recent researchers they will not be discussed here. 
Current theories of the causes of injury and resistance have 
been reviewed critically by Levitt (29) and by Luyet and 
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GsVienlo (33) • 
The type of injury obsex*ved may be used, to classify the 
theories advanced to explain injury by freezing. Injury due 
to intraoellulsr ice formation, to intercellular ice forraa-
tlon, and to rapid thawinij have been reported for various 
plants. 
V.'orking with filamentous algae and isolated sections of 
plant tissue exposed to rapid freezing, a number of investi­
gators (11, 51, 55, and others) have found that, with few 
exceptions, intracellular ice formation was always fatal. 
Stuokey and Curtis (55) found that intracellular ice formed 
first in the cytoplasm, then in the vacuole, and last in the 
plaatids. Disruption of the cytoplasm and vacuole ia con-
oidered to be the cause of death when crystals form within 
the cell (11, 51). Rupture of cells by ice expansion within 
the cell has seldom been reported after slow freezing in 
nature. Stiles (5-^) believed that the formation of ice 
crystals in the protoplasm alters the apace relations of the 
dispersed end continuous phases constituting the colloidal 
complex. Puch changes are usually irreversible, so that 
upon thawing the original colloidal system of the living 
protoplasm Is not reformed and the changes result in death. 
Scarth and Levitt (45) believed that intracellular ice forma­
tion tends to be prevented by increased cell permeability to 
water, since this condition accelerated concentration of the 
cell sap by growth of ice outside the cells. Luyet and 
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Thoennes (32) were able to dip the eplderrnia of onion in 
liquid air without death of the cells. The epidermis was 
immersed in plssmolyzing solution before and after freeaing* 
Very rapid freezing and thawing were necessary to bring the 
teirperature of the material across the zone of crystalliza­
tion temperatures ( 0 to -15° G») before ice crystals had time 
to form. By this procedure they were able to escape crystal­
lization and to obtain the vitreous (glassy) state of water 
which was not injurious. They concluded that disintegration 
of protoplasni at low temperature is due to the rearrangeraent 
of water molecules by crystallization, and that any method 
which prevents intracellular crystallization prevents or 
reduces protoplasmic disintegration. 
With normal drops in temperature to freezing levels as 
they occur under natural conditions, ice formation has seldom 
been observed within the cells of plants. The locus of ice 
formation in inta'Ct plants was found by a number of workers to 
be outside the cell in the intercellular spaces, according to 
Levitt (29) . When Ice crystals v/ere found within the cells, 
it was due to very rapid freezing, such as may be obtained by 
Jarring undercooled tissues. These observations have led to 
the conclusion that intercellular freezing is the natural 
form of freezing. 
Plant tissues supercool several degrees below the freezing 
point before ice formation begins (29). Ice crystals form 
outside the cell in the intercellular spaces and continue to 
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increaae in size sa the temperature deoreaees- Water passes 
from the cell Into the Intercellular spaceB and increaaea the 
size of the cryptels. The cell aap becoraeo progresBively 
more concentrated as a result of water moveniont out of the 
cell, to the centers of cryatallizatlon. Ttius the freezing 
point of the cell aap tends to keep below the actual tempera­
ture. If the temperature drops below the freezing point of 
the cell sap, the plasma raeiiibrane and cell wall act as effec­
tive barriers against inoculation by ice crystals in the 
intercellular apaces. The cells collapse as water is drawn 
from them. 
According to Luyet and Gehenio (33), most plant physiolo­
gists attribute death by extracellular freezing to dehydration 
of the protoplasm. Two views exist on the causes of death 
under these conditions: (1) The view that a chemical or 
physico-chemical influence of the increased concentration of 
salts and acids on the colloids of the protoplasm la the cause 
of death is supported by a number of investigators (19, 27, 
38)• (2) Others consider the cause to be the mechanical 
injury of the protoplasm caused by compression of the cells 
by ice crystals which accumulate in the intercellular 
spaces (12, 13, 37) • 
The first view is often referred to as the "frost 
precipitation theory." Harvey (19) maintained that the 
increased concentrationsof acids and salts, as water is 
removed from the cell to form ice in the Intercellular 
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spsces, are favorable for protein precipitation. He stated 
that simple fornis of protein are not so eanlly precipitated 
by freezing as the more complex forraa. Splitting of proteins 
to leoa easily precipitated forma during hardening was sug­
gested 80 an adaptation against frost injury. Newton and 
Brown (38) held that the lncreaseh3 in simple proteins some­
times may be the result of freezing rather than an adapta­
tion of the plant against injury. They believed that dehy­
dration of proteins is the basic cause of precipitation. 
Wlthdravjsl of water may be the doniinating factor, and ice 
formation, acidity, and Bait concentration Important modifying 
influences. They recognized that mechanical prenaures developed 
in the system by freezing, as proposed by waximov (37), nriay 
denature the proteins and contribute to the irreveraibility of 
the precipitation. Protein precipitation is followed by 
denaturatlon resulting in coagulation, which la irreversible. 
They emphafiized two factors which atabllize protoplasm, making 
it more resistant to disorganization by contact with concen­
trated saps (1) accumulation of sugars in the sap, and (2) 
simpler, less readily precipitated forms of protein. Sucrose 
and dextrose reduced the precipitation of proteins, and they 
believe (39) that the protective action of sugar lies in its 
power to prevent protein cleavage. Kieeselbach and Ratcliff 
(27), in their work on freezing injury to seed corn, con­
cluded that freezing produces a physical or chemical change, 
aside from withdrawal of water, in the protoplasmic or 
nuclear material of the cell. They were unable to detect any 
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rupturing of cell -WBIIB or other cytologicsl effect of freez­
ing and ice formation. Darkening of the embryo as a result of 
freezing seemed to indicate that a chernicel change had occurred. 
Ti^axlmov (37) has reaffirmed his earlier vlevs, published 
in 191^, that the main cauae of death by dehydration is the 
iiiechanical injury of the protoplasm caused by cotnpreasion of 
the cells by ice crystals in the intercellular spaces. 
Chandler (12) supported the early vievsfs of i.;axiiriov and maln-
tained that orotein precipitation does not occur to any sig­
nificant degree, but that mechanical Injury due to withdrawal 
of water from the protoplasm caused killing by cold. In 
experiments v/lth pollen grains, Chandler and Kildreth (13) 
obtained further evidence in support of iviaxlruov' a theory of 
mechanical injury. They believed that very small points of 
ice form in the protoplasm after ice has formed outside the 
cell. These small points of ice produce openings in the 
protoplasm and cause dieorganization. 
Injury due to rapid thawing has been claimed by some 
investigators. They maintained that the sudden release of 
water expands the cell, tearing the wall away from the 
protoplast or rupturing the protoplast as it takes up water. 
In most of the experiments where injury resulted from rapid 
thawing, the results were obtained under artificial conditions 
v/lth much more rapid thawing rates than are likely to occur 
in nature. The Importance of the mode of tnawing has been 
generally discounted as a factor determining Injury (12). 
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Levitt (29) concluded that dainsge rn.ey progresa for sorrle 
time after thawing. Tisnues uiay survive freezing and thawing 
"but the protoplsBra is in a very sensitive condition after 
thawing. Subsequent treetrtient determines whether it remains 
alive or dlea. 
Low protoplasmic conBiotency (high viscosity) and high 
cell permeahilityJ resulting from Increased protoplasmic hy­
dration, were emphaBized hy Levitt (28, 29) as the key factors 
In reslatence, with other factors acting as secondary defenses. 
High protoplasmic hydration would recult in the pores in the 
plasma mombrsne being larger and permitting more rapid move­
ment of water and other Gubatances. The protoplasm would not 
become brittle HO soon, since It would be able to retain a 
relatively larger quantity of water at low freezing tevcpera-
ture. Protein splitting was suggested as a possible cause of 
the increased protoplasmic hydration accompanying resistance. 
fscarth (46) also considered the key factors in frost 
resistance to be protoplasmic. Cell physiological studies of 
frost resistance v/ere reviewed. He found that increased 
osmotic pressure, greater non-solvent space and bound v;ater. 
Increased cell permeability, gi^fsater protoplasmic viscosity, 
reduced tendency to coagulate. Increased tolerance of plas-
Tnolynin, and Increased survival of rapid deplasmolysls after 
non-lethal plasicolysis were factors in resistance. He 
believed that the reduced tendency to coagulation of the 
ectoplasm was the most important of all. A marked increase in 
soluble proteins v/as reported in hardened tissue* Increased 
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hydrophlly of cytoplasmic protein as Indicated by this 
chemical difference was postulated as conceivably accounting 
for all protoplasmic hardening changes. 
Effects of Freezing Temperatures on 3eedo 
Kleaselbach and Ratcliff (27) have carried on the most 
detailed study of freezing injury to seed corn. Their 
investigation was conducted from 1911 to 1913 with Hogue 
Yellow Dent, an open-pollinated variety of corn. Controlled 
low temperatures were obtained with a freezing mixture of 
salt and Ice. Ears to be frozen were husked and cut in 
three sections. The grain from the tip section was used for 
a moisture teat, the center section was frozen for 24 hours 
at various temperatures, and the butt section was used as an 
unfrozen check saiTiple. Frozen sections were brought directly 
from the freezing chamber to thaw and dry. They concluded 
that the vitality of corn containing 15 to 20 per cent 
moisture is not Injured by ordinary autumn freezing. Ice 
formation within the kernels did not necessarily destroy 
vitality. With immature seed, ice formed in the larger 
spaces around the scutellum, plumule, primary root, and root 
sheath. Severe freezing produced a dark color in the embryo, 
which indicated that a chemical change had occurred. No 
significant difference in crude protein, nitrogen free 
extract, fat, crude fibre, or ash was found between frozen 
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snd unfrozen grain. In another experiraent, light freezing 
temperature3 of short duration v^ere not injurious to corn 
high in moisture with huska attached. Seed of 2? open-
pollinated varieties, renging from 17.O to hi-0 par cent 
moisture, was harvested after nine houra exposure to a 
freeze in the field. The mean temperature iwas 27«T'^ F' with 
a minlmuTn of 24° F. There waa very little damage to the geriE-
ination of any of the varieties. 
McRostle (35) froze com containing 12 to 37 per cent 
moisture for four months. Periodic samples were taken for 
gerniination tests. He concluded that fluctuating freezing 
temperatures injured the germination more than continuous 
freezing temperature. Gom stored with wiore than 20 per 
cent moisture was injured. Flint and dent varieties were 
used with no varietal difference in reaction. 
A"boul-Ela (1) found that frozen ears of corn dried at 
a slower rate in the field than the unfrozen when the freez­
ing was injurious. Bennett (5) reported that serious losses 
in gerininsbillty of frozen seed corn could be detected by 
soaking the seed in tetrazolium v/hen the seed was dried be­
fore testing. When tested shortly after freezing and before 
drying, seeds that were not viable were capable of reducing 
the compound. Sayre (44) sealed kernels of Glarage corn 
containing 18 per cent moisture in glass tubes and stored 
them for six years at various ternperstures. Samples stored 
Bt belovj freezing tempersturea (0° to -25° G.) were viable 
sfter six years, while seeds stored at room temperature died 
in legs than six months* 
Sherwood (50) believed that a "vernaliaation" effect is 
Induced in refrigerated seed corn. He soaked top-croso seed 
of Krug X Tr (cold tolerant) and Krug x R4 (cold susceptible) 
with various salt solutions at room temperature, and refrig­
erated the soaked seed at -5*^ G* for 12 hours. OaGlg and 
KNO^ protected the tolerant strain, while Ga(N0^)2 and KCl 
protected the susceptible strain. Protection as measured by 
relative serminations depended not only on the cation effect 
but also upon the anion effect. The protection against cold 
injury appeared to carry over into the plants grown from the 
treated seed and into the seed produced on these plants. He 
attributed cold tolersnce in corn to a function of proteins. 
The two strains of corn were thought to differ in sorae physio­
logical characteristic of protein associated with cold toler­
ance. The salts affected the proteins and imparted an 
Induced cold tolerance. He stated that a protein which is 
not needed for immediate functions may be affected, and the 
injury may not show up until later In the life of the plant 
when its normal functions necessitate the use of the affected 
protein. 
several investigators (2, 8, 10, 30, 31, 56) have 
subjected air-dry seed of various crops to temperatures of 
liquid air or liquid hydrogen for periods of time up to 60 
-14-
(iayg without Injury to gerinin/stion. Corn wa3 Includod in 
Boip.e of these experiments (10, 30)* Llpinan and I.ewls (30) 
i 
ouggested that it nipy be posnlblo to atore seeds for an in­
definite period of time at liquid air teiriperfitures (-189 to 
-193° C.), since respiration is reduced to near aero at 
these temperatures. 
In 8 study of the effect of tempereture during irradia­
tion on the X-ray Rensltlvity of maize seed, Kerapton and 
It'axwell (25) exposed oeed of Funk Yellow Dent to -189° C. 
for three and one-half hours without X-rayo. Both germina­
tion and seedling size were reduced. Lipman (31) found that 
neither visbility nor power to produce normal plants was 
affected when need of cotton, wheat, barley, !.;llo maize, etc. 
was subjected to temperatures near the absolute zero. Buase 
and Burnham (10) found that abnorriial seedlings of cotton and 
flex developed after the seed had been frozen In liquid air. 
Abnormalities were not inherited since the progeny grown froui 
seed harvested from the abnormal flax plants were not affected. 
It was assumed that freezing may alter the protoplasta or pro­
duce a mechanical injury of sonie cells of the growing point 
so that they do not develop normally. Dormancy of alfalfa 
and sweet clover seed with iiTiperreeable seed coats may be 
broken by temperatures of -80° C. or -190° G., according to 
Bunse (9). Permeability increase was probably a result of 
very fine cracks in the seed coat. 
The effects of froat on wheat have been studied in more 
detail than for any other crop. Investigators in !. ontsna and 
Canada have conducted considerable research on the effecto of 
frost on the grain and flour. 
"Vhitcomb and sharp (59) harvested wheat containing 69*^ 
to 3^-1 per' cent iiioisture and froze it at -20 to -28^ G. for 
48 hours. Gerniinatlon was reduced on all frozen sarnpleB, the 
irore immature lotB being more seriounly injured. When the 
germination tep.ts were repeated one month after the first 
test, all frozen samples had im.proved in germination. One 
year after freezing, the germination of the frozen sam.pleo 
had decreased below the original te!?t made shortly after 
treatment. They emphasized the necessity of running a germ­
ination test on frozen grain shortly before planting time. 
Newton and IvcGalla (40) found that germination in several 
varieties was not Berioualy injured by moderate freezing for 
one to two hours when the moisture content ranged fromi 59«5 
to 33*4 per cent. The germination of G-arnet wheat v;a3 im­
proved by freezing, which suggested a field of enzyme inves­
tigation to the authors. Atkinson, et al (3) separated 32 
samples of wheat into frosted and non-frosted kernels. 
Germination in the field was 75 per cent for frosted wheat 
and 78 per cent for the non-frosted wheat. A greater number 
of heads per row and e. slightly higher yield resulted from 
the frosted seed, but the authors felt that the difference' 
in yield was not significant. 
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Seversl authors (6, 24, 34, 48, 49) hove reported that 
the percenta{5e of amino nitrogen or non-protoin fractions in 
froeted wheat is greater then in unfrozen wheat of the oame 
maturity. KcCalla and Newton (3^^) showed that four degreef5 
of frost had no effect on the percentage of total, raalt-
soluble, or non-protein nitrogen. Eight to 14 degrees of 
frost reduced the total nitrogen and increaBed the percentage 
of soluble nitrogen fractions in both grain and flour. In the 
work of Johnson and '/(Tiltcomb (24) there wss no tranBlocation of 
protein or carbohydrate into the kernel after a killing frootf 
but such translocation did occur in unfrozen wheat cut at a 
aimilar stage of maturity. V»'hen the frosted wheat was allowed 
to stand in the field for soffie time before cutting, the green 
color of the kernels changed to a more nearly normal color. 
There was less crude gluten in frosted wheat analyzed by 
Johnson and '.Vhltoonib (24). Fhysical properties of gluten were 
more easily affected by frost than any cheiriical property of the 
grain studied by McCalTa and Nev;ton (34). Yield, texture, and 
tenacity of gluten were reduced by frost in Immature samples. 
Frost did not affect the sucrose content, but eight to 
14 degrees of frost increased reducing sugars in the flour, 
according to McGalla and Newton (34). Blish (6) also-found a 
greater percentage of reducing sugar in the frozen wheat than 
in sound wheat. 
Bailey and Gurjar (4) found that respiration was hl^er 
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in froiien vjhoat then in unfrozGn grain of the sane noirsture 
content- They attributed the increaBe in reGpirotory !^Gtivity 
to the arresting of synthetic proceRGes an a result of freess-
ing and aubnequent activities of hydrolytic enzymes. They 
suggeBted that disorganization of protoplaam by fronta setc 
free various hydrolytic enzyrces and loads to an accumulction 
of split products of etsrch and proteins. The accumulation of 
glucose as a result of starch hydrolysis furniahes a larger 
quantity of substrate to the respiratory enayines. I'icGalla and 
Kev/ton (3^) reported that diaGtatic enzyme activity was greater 
in frosted viheat. The activity decreased, in general, with 
maturity of the grain, and differences between fronted and 
non-frosted wheat narrowed with maturity. Enzyme activity, 
respiration, and fsyntheais were affected by freezing. These 
authora reported that resplrction in frozen wheat wa^ leas 
than in unfrozen wheat. Thsir results conflicted with thone 
of Bailey and Gurjar (4), who found the reverse to be true. 
Proteolytic enzyme activity was not affected when imrriature 
wheat wan frozen at -2 to -3° C- for 20 hours, according to 
,'3harp and Elmer {hj)-
Johnson and VVhitcoinb (24) state that frosted wheat 
docreaced in weight per bunhel and in yield when allowed to 
stand in the field before cutting. Lighter tept weight of 
frovsted wheat was attributed to looser packing of the blistered 
kernels. Newton and lAcOalla (40) concluded that the grade ,of 
wheat, based of physical external characteriatica, is more 
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eensitlve to frost than composition ond baking value. They 
found little difference in weight per bushel of frosted and 
unfroated wheat. 
Stuckey and Ourtia (55) aoaked wheat seed to various 
moisture contents and froze the seed at -20° to -25° C. for 
five hours. Thin sections of the embryo and endosperm were 
obnerved for ice formation. No ice was evident in the endo­
sperm except when saturated with water, but ice formed in the 
embryo cells when the seed contained more than 27 per cent 
moisture. 
Robblns and Porter (4l) studied the effects of low temp­
erature on the viability of sorghum and soybean seed, iiature 
sorghum seed with 15 per cent or less moisture was unaffected 
by exposure to temperatures between 33°and -20^^ F. Soybean 
seed was not InJuT'ed by ten hours exposure at 20*^ F. when the 
moisture content was 30 to 32 per cent. At 20° F. no injury 
occurred to most varieties of soybeans with a moisture content 
of 50 to 60 per cent. It was concluded that soybean seed may 
contain a much higher percentage of moisture than sorghum seed 
without frost injury. 
Fryer (16) observed that 2.3° of frost in the field did 
not affect the vitality of Banner oats ranging from early milk 
to dough stages of maturity. Viability of samples ranging 
from milk to mealy in maturity was not reduced by 4.6° of 
frost. Samples ranging from dough to dry mealy stages were 
not injured by 5° and 8° of frost on consecutive nights, while 
those ranging from milk to dough stages were injured severely. 
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MATERIAL? AND METHODS 
Inventlgatlonn to determine the effects of freezing 
temperatures on seed of inbred and hybrid mslze vsere started 
in the winter of 1946 and continued through 194?. Preliininary 
teet.s were conducted during the winter of 1946 with air-dry 
Bhelled seed, remoistened with distilled vv-ater to various 
moisture contente. Controlled laboratory freezing experi­
ments with ears of inbred and hybrid corn harvented from 
the field et 65 to 30 per cent moisture were conducted 
during the autumns of 1946 and 1947* Cool chambers main­
tained at 4^ and 35° l''* and thermoBtatically controlled 
freezing compartments of the Botany Department of Iowa Ptnte 
College were used In all of the freezing experlraentB. The 
general procedure followed in these inventigatlonn In 
described in this Bectlon. Specific details or changes in 
technique are described under the particular experiment 
involved-
Freezing Experiments With Soaked Seed 
Open-pollinated seed from U. S. 13 double-crosB hybrid 
plantB {vyF9 X 3B-11) x (L317 x Hy) grown in 1945 was dried, 
shelled, and later remolBtened with disttilled water to 20, 
25, 30, and 35 per cent moisture. Dry shelled seed of a 
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numtier of inbred lines was remol^tcned with dlr,tilled water 
to 35 per cent moisture. 
ll-elf^Jied r.araplen of dry p,eed were plr^ced in bottleR, 
quantities of dlntilled wster cialculabed to bring tVie need 
to the de'<ired inoiature content were added, snd the stoppered 
bottleo of seed plus water were placed in s cool room at 43*^ 
F. for four daypi to permit the seed to absorb the added water. 
At frequent intervals, the bottles were rotated and shaken 
lightly to ssRure uniform soaking of the seed, and the stop­
pers were removed to allow aeration- After four days of 
Tvoaking at 45° F., the oeed had absorbed all of the water 
and there waa no visible Gvidonce of germlnEfcion. 
r.'a:r!plen for mointure content were taken after soaking, 
dried in an electric oven at 9^° G. for 24 houra, and moisture 
percentege VIP.H calculated on a wet weight bani^. !-;oisture 
content of individual kernela wa« checked by weighingn on a 
chainoniatic balance. It was found that, with frequent 
turning of the bottles during Boaking, the variability in 
roointure content of individual kernelfs did not exceed i 1.5 
per cent of the deaired moisture content. The upper limit 
of water sbaorution by mature f.eed at the teinperature and 
time of noaking u.qed in ther.e experiraentB was near 40 per 
cent, wet bar.is. 
Aporoxirnately 175 noaked f?eedr. for each fi'eezing treat­
ment were placed in four-ounce bottlen and stoppered lightly 
with corks. Thene mnall bottlen were cooled at 35° for 
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eight houra and then uniformly exponed In s freezina coin-
partinent which war, thermontatioslly controlled to - 0.5° F. 
The therinoBtst WHR set for the deoired temperature and the 
appropriate "bottles were removed at the end of the specified 
time of exposure called for by the varioua treatments. The 
samples were allowed to thaw for eight houra in the 35° F. 
cool chamber. 
After they had tha^ved, the samples were planted in sand 
in a greenhouse bench for germination testa- Sixteen days 
after planting, counts were made for strong germination, and 
green weights of the needling tops cut at the ground level 
were obtained. 
Freezing Experiments With i'.'aturing Ears 
Developing ears of Inbred lineg and single croBseB were 
harvested when the aeed contained 65 to 30 per cent molBture, 
and were 8UbJeoted to controlled laboratory freezing experi­
ments with and without husking. Ther-e experiments were con­
ducted with grain produced in 1946 and 194?• Weather data 
on temperature and rainfall at AmeB, lov/a during the months 
of Kay, June, July, August, and September for 1946 and 194-7 
are presented in Table 1. The two growing neaaons were very 
diverne in that 1946 wan an almoat ideal corn-growing treason, 
while 1947 wan very wet and cool during May and June, with 
unufsually hot and dry weather during July, August, and 
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Table 1. feean tenioerature and precipitation for Ames, Iowa« 
1946 and 194?. 
!>ionth 
1946 1947 
Temp, 
o p .  
:Depar-:Preclp* 
tture citation 
:from : in 
.'normal s inches 
^Depar-
Jture 
{from 
: normal 
Temp. 
0 p. 
1Depar-
5 ture 
i from 
{normal 
JPrecip-:Depar-
:itation:ture 
i in {from 
{inches {normal 
L'ay 56.4 -4.2 4.08 -0.10 55.0 -5.6 4.46 +0.28 
June 69.6 -0.4 8.68 +4.34 65.6 -4.4 13*42 '+9.08 
July 73.2 -1.7 2.37 -1.05 72.6 -2.3 0.59 ' -2.83 
Aug. 68.1 -4.3 1.79 -1.91 80.3 •^7.9 1.18 -2.52 
sept. 63.0 -1.4 2.83 -1.45 67.8 *3.4 2.29 -1.99 
Septeraber. Some of the renponrea of the corn appeared to be 
affected by there growing condition^. 
Three plantings of inbred line^ and riingle-cronn hybrids 
of corn were msde approximately two weeks apart to provide a 
range in mointure content of the seed when freezing treat­
ment?. were made in the fall. The third planting wan made 
during the laot week of June in both yearn with the hope that 
a field freeze would occur early enough in the fall to pro­
vide an opportunity to correlate the reoultr. of laboratory 
freezing treatments with the reF=ultG from a froft in the 
field, but theoe late plantings matured oafely both yearn. 
Therefore, all reaultn in thin inventIgation were obtained 
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from controlled treatments in laboratory freezing chambera-
Ear-? for freezing were collected from the firnt two plnntin/iB. 
There won a difference of only noven or eight dayn in date of 
polllnotion between the two plsntings. 
A conatnnt check on the mointure content of the need of 
sll varieties in the field was maintained with frequent 
molnture tepts. When these preliminary tentr? indicated that 
the Boed wac at approximately the denired niointure content, 
ten to 15 ears for each freezing treatment to be made were 
Bnapt?ed v/ith huskn attached and taken to the Botany Depart­
ment low temperature rooms* Each ear wao tagged to identify 
it throughout the entire procedure of freezing, moisture 
GaTopling, drying, and nhelling. Ears for unfrozen checka 
were harvested at the name time as the eainplea for freezing. 
The ear3 were placed in a 35° 7* cool room for nix to eight 
hourn. Temperature readingn v;ith a potentiometer and thermo­
couples indicated that the temperature under the huakp, was 
approxiiDstely 35° to 37° F* after six to eight hours at 35° F. 
seventy-five to 150 earn were placed on racks within 
the freezing chamber, which wan thermoBtatlcelly controlled 
to t 0.3° U*. The ten to 15 ears for each treatment were 
randomly dirstributed on the racks. An electric fan war? used 
to provide uniform sir temperature within the compartment. 
The temperature of the freezing chamber was approximately 
35° F. when the ears were placed in it. The thermostat was 
tVien fet for 26° 20°, or 14° F. depending on the freezing 
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treatment. The sir teir.peroture within the freezing chsir.ber 
dropped from 35° F- to 26° F., to 20° F., or to l4° F. In 
approximately one hour, one and a half hours, and two hourr?, 
respectively, when the chamher wan filled with corn. A. 
recording hygrothennograph kept a oorr^tpnt record of ternpors-
ture and hi.'rr.ldity during each treatment. Relative humidity 
wan 94 to 93 per cent dtjring all freezes at the three temp-
eratureB- The period of freezing wan recorded, beginning 
v^hen the air teKpereture within the chamber rescVied the 
te:nporature specified for trie partj.cular treat:iienb. For 
example, ears frozen eight hour^ at 20*^ F- were In the chamber 
approxinately nine and a Vialf hourr.. Unfrozen cVieck ears were 
kept in the 35° F. cool room during the time of freezing and 
thawing. 
Esrr were renkoved frora the freezing chaaiber to the 45° F. 
cool roorr. to thaw for nix to eight hours. Two rows of kernel? 
were removed from each ear for a nioir'ture r^air.plo. I'ho wet 
paiTiples were wel^^hed, dried in an electric oven at 98° G-, 
and the n;ol?!ture percentage for each ear wan deterniined on a 
wet bspin. A'itnin 24 hourK after thsvving the oars were 
placed in a need-corn drier to dry at Epproxiraelely 95° F. 
Individual unfrozen check earr; also were sarnpled for moir.ture 
content and were dried with the frozen i-'.araplos. 
Since not all the varieties of corn reached the esnie 
moiature content in the field at the same time, it was nec­
essary to make several freezes? for each of the experiuientn. 
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uhen an inrufficiont number of enrr v/ith the der-i.red moic-^ture 
content y/sn obtoine:i in p particular troatraent, another 
Rsmpl e wa^^ Visrvent.ed for the freezing treatment. Temp­
erature and hu;'!ldity conditions were rea,--'onabl.y unif or),; in 
all freeze:^, made at tiie r-arne teicperrt.turo and for the f-anie 
length of tii,'i0. 
PJarr- v;ith need that contained at harveot + 2 per cent 
of the depired moisture content for each trsatiyient, a.? nl'iown 
by the individual nioirALui^-e deterir:inatlonn, v;ere shelled by 
hand, and bulked. TliUn, £-.11 ears with ceed that contained -^6 
to 52 per cent, 33 to 42 per cent, or 28 to 32 per cent 
iTiolnture at harve^^t for a specific treatment were shelled 
and bulked for a 50, ^0, or 30 Per cent mointure sample, 
rer.Dectively• Theoe p.arnules will be referred to, hereafter, 
as 50, 40, or 30 per cent niointure oaraplep. Four to ten earn 
were bulked for eacb treatment at each raoir.turc G02itent. ! 
T/.08t nanplep, represented a bull: ramole of five to !;Gven earn* ; 
Poorly pollinated and dir.ea-!ed ears were discarded before 
EVielling. Butt and tip kernelc were dit^carded except in the 
hand-pollinated uiaterial u;^.ed in the 194? experirnentB. 
Weather conditionr. during the pollinating neaoon of 194? were 
unfavorable for good seed net with hand pollination, and it j 
I 
! 
war. neceneary to bulk Gorae relatively poorly pollinated ears I 
i 
that would have been discarded in the 1946 treatment. Earo ' 
produced under open pollination were well pollinated in "both 
aeoBonn. 
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Tbe dry r!liell0d reed wan tented for goriiilnfilion and 
seedlinfj vigor by v:)lantlng in nrnd in ftreenhoune benchor. at 
c depth of one and one-half inchen. vjullt-plot depigna were 
u.--ed, v'ith f lur to six rerjlicp.Lionn of 25 ceedr per plot. 
Gountr- for rtr-.ng geriainetion and green weitiatf: of needling 
topn cut at the ground level v;crG obtained sixteen days after 
planting. fTorinination- were reoorted 8F; percentage;; of strong 
plantr apparently capable of continued development. Jjeedling 
weipjitr, were taken only on plcoitB included in the count for 
Btrong gorir.inf'tion. 
Gcrriln;:'tion percentsgen were tranpforined to anisles 
(nrgTen a arc ineVpercenta-^e ) and analyzed by analyais of 
vrrlance. (rerxinatlon percentages in the vsriouB experiments 
ranged froTn 100 per cent to 0 per cent, iince the sample size, 
25 eeedR per replication, was email, the tran?:^formatlon to 
ANGLES VVBF advisable. A tran::?for!iistion of percentage to angles 
ip recommended by Blisr; (7), Glark and Leonard (14), unedecor 
(52), and others when the data are binomial and range from 
100 to 0 per cent. With germination data exoreof.ed in the 
form of a binomial, GO many occurrences out of a total number, 
the variance of s single itGiii will be given by pqn where £ is 
the proportion of live eeed, £ is the proportion of dead need, 
and n_ ip the total nutnber of seeds in the Barnple. The variance 
is dependent upon o and n, being greatent when p r O.5 end 
approaching zero BP ID becomeR-: 0 or 1.00. A basic assumption 
in the analyfjir of variance in that the errors of separate 
trefitriienta munt be Independent cf the rrieann. V.-'here Bome 
trestmentG are not equally effective, sorao plotn will, be 
OBtln.rited vjlth greater accuracy thp.n otherri^ Thin source of 
error cen be corrected by a trpnsforniation to anp;ler=. The 
trsn^fornied dat& ere then subjected to an analycia of VBri-
ance. 
Geriiilnstion peroentagoa were not distributed symmetri­
cally in f:i03t of the experiments. Trcnnforn^stion to an^O-Ss 
gave s 'iiore syinraetricfil diatribution of the dsta and msde the 
snalynia of variance more applicable. 
Kieoselbacii snd Rstcliff (27) found a range of 15*2 per 
cent in moisture content (49.2 to 64.4 per cent) of individ-
U8l kernels on the Rame e&r of the open-pollinated varieties 
used in their experiaents. Individual kernel.<n from h&nd-
pollinnted and open-pollin&ted fefirg of p,orr.e of the inbred 
lines end single cronson used in thia study were checked for 
moisture content. •.'.elghtB were obtained on a chelnon.ttic 
balance. Jjstn presented in Table 2 Ere repreceiitative of the 
variability in laoiaturo content of individual kernelfj. Hand-
pollinated ears tended to be .'uoi-'e uniforiu in n.oiature content 
than open-pollinated esr-s. 'i'he greet est range in nioioture 
content wan 6.24 per cent for an open-pollinated eaj' of 
';VF9. The earo checked in 194? exhibited no li.oro vfai-ietion 
in riiOiBture content for individual kernels than tl,-Of:ie har­
vested in 1946. 
Individual eer^ fro'^en at tlje !janie iLointure content v.ere 
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Table 2' Range in inointure t)erGentase of Individual kernels 
of aelfed and open-pollinated earn of com. 19^6. 
Kernel WF9 \'iF9 fvil4 Ml 4 O«420 
no. selfed open- selfed ODen- selfed 
polli­ polli-
nated nsted 
Tip of ear 1 ^f8.22 46.34 53.13 54.86 52.02 
2 47.45 47.16 53.63 53.25 51.60 
3 47.59 45.23 53.68 51.18 52.10 
4 47.50 49.21 52.29 50.04 51.21 
5 47.48 49.65 52.46 52.18 49.24 
6 49.25 50.45 53.67 53.43 50.67 
7 49.09 51.47 51.78 53.85 51.19 
8 46.64 48.99 52.10 51.90 51.33 
> 9 47.99 48.55 53.09 51.83 51.39 
Butt 10 48.64 47. B 9 53.43 52.23 52.48 
I'.ean 47.98 ^^8.49 52.93 52.48 51.32 
Range 2.61 6.24 1.90 3.68 2.86 
Kernel 015420 X IVP9 X \VF9 X v;?9 X 0.?420 X 
no. 1V22 Iiil4 M14 M14 1V22 
orien- open- open- open- open-
polli- polli- polli­ polli- polli-
nsted nsted nated neted nated 
Tip of ear 1 34.03 50.77 51 • 97 33.13 45.30 
2 34.78 50.21 52.10 35.12 47.11 
3 35.30 49.16 50.07 34.10 44.30 
Ar 37.16 49.36 48.10 36.75 44.87 
5 35-24 47.88 49.91 35.29 44.76 
6 34.67 48.34 53.14 34.11 45.42 
7 34.17 50.36 51.24 34.69 43.81 
8 38.06 52.30 51.67 36.49 45.94 
> f 9 36.93 4.8.85 51.13 34.17 43.09 
Bu­;t 10 35.49 50.82 52.20 34.91 46.69 
ll'e an 35.58 49.81 51.15 34.98 45.63 
Range 4.03 2.94 5.04 3.36 4.28 
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tested for germination to determine the variability in germ­
ination percentage. Data are presented in Table 3. Ears 
treated alike at the neme moisture content varied es much as 
23 per cent in germination. With the large number of namplea 
to teot for germination, it wan necenpary to bulk the earr.. 
The iTiean germination percentage of individual ears and the 
mean germination of the bulked sample agreed clof-ely in the 
oampler^ checked (Tables 3-and 4). 
Table 3' I.'ean germination percentage from individual open-
pollinated ears of WF9 x I'.il4 and 0^420 x \V22 used 
in bulk nairipleR. 1946. 
Ear :14° F., 8 hrs 
• 
., 40;^i molE3t.: 20° F.. 8 hra., 5O'. {• moist. 
no. ; V.F9 X Ivl4 : 03420 X Vv22 : WF9 X L14 : 0 g420 X v.-22 
1 62 32 76 46 
2 58 20 88 52 
3 56 12 82 52 
4 52 16 88 43 
5 59 33 87 54 
6 61 25 80 58 
7 69 27 91 60 
8 63 66 
9 64 
lV:ean 60.4 23.6 84.6 53.9 
Range 17.0 20.0 15.0 23.0 
Bulk 64.0 22.0 86.0 58.0 
In the early stsgen of thie ntudy, it was evident that 
mni p.ture content of the grain would be an iniportant factor ii 
freezinj? injury. Therefore, in any cor,parlron 0 f relative 
freezing tolerance among inbred linen or hybrid? it appeared 
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Table 4. I.';ean gerininatlon percentage from individual open-
pollinated ears of 0B420 X \V22 and WP9 X kl4 
harvested at various molrture contents and frozen 
eight hourn at 20° ?. 1947-
OP420 X VT'22 
iMolsture % : G-ermlnatlon % 
56.8 6 
55.3 21 
Sl.O^ !- 39 
50.2^=" 53 
51.4^^ 46 
49.8"- 63 
48.3^ '- 50 
45.7 51 
44.9 47 
43.4 67 
41.6^^^^ 65 
42. O"-!!- 60 
4l. 7"'''^' 56 
40.3 68 
39.9^=-^-- 65 
41. 5^"' 57 
36.4 67 
34.2 79 
i\':ean of ^0% group"-'" 50.2 
Range 24.0 
Bulk 50;'i Bample 51*0 
Mean of group"^ '"' 60.2 
Range 12.0 
Bulk 40f^ .".ample 67.0 
',VF9 X i;.l4 
Iv.olnture : Germination % 
56.3 37 
54.5 
51.7''' 61 
51.9'-' 70 
49.9'tt 57 
40.6''''" 65 
50.0^ '- 59 
49.9'it 71 
51.2'»:' 64 
47.4 65 
46.8 76 
45-3 76 
42.0---'-> 81 
41.4""^  86 
40.3^^"^^ 80 
39 .4-;= s: 89 
37-0 73 
36.1 80 
63.9 
14.0 
68.0 
84.0 
8.0 
80.0 
necepRsry to freeze the ears of differejit varieties when the 
seed contained approximately the f-ame amount of caoiBture. As 
a further maturity classification, oven-dry weight of need 
harvested at 65 to 40 per cent mointure vjan divided by the 
dry weight of the corresponding seed harvested at 30 per cent 
moisture which wan annumed to be physiologically mature. This 
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peroontage fli^ure wan obtained, for £?11 vorletlo.? and trentinonta, 
and indicate!"? relative phyBiological msturity of the need. 
FREEZI?^A 'ILKTI. WITF' . OAKED 
Preliminary freeJiinp, experimentR were conducted with soaked 
seed to obtain information on the interrelation of nioirture 
content of need with time and temperature of freezin^r, and to 
determine if freezing Boaked p-eed v;ould provide a te'-'t to 
measure the natiAral freezing tolerance of need of different 
inbred linef^ of corn. Result? of the tolerance te'-tn with 
noaked seed of inbred linen (Tablep 56 and 57) will be ore-
rented in conjunction with repul.tB obtained from freezing 
raaturinp; ears of the fame inbredB. 
Phyniolop;y of ^-oaked r^eed differ? from that of need in 
tl'ie fre?^hly harver-ted condition- i^hortly after the '"'•eed begins 
to imbibe rsioipture, the enzywen of the epithelial cell? are 
activated and commence digestion of endopperm cellr^. During 
maturation of the kernel, digestive enzyraen are relatively 
inactive and rynthenif?. of protoplapinic material predominates. 
In these orel iniinary tee to with Roaked f-eed it wso desired to 
resoek the peed in mch a manner that the phys^iology of the 
r.eed v;ould be disturbed little aR porr-ible. Enzyme action 
v/a? maintained at a minimni-n by noaking the need at 45° F., 
thereby keeping reroiration, digo'^.tlon, and other gernilnation 
proce:""''^'"' at 0 low level-
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Effect of Temperature, Freezing Period, and 
MoiBture Content of iieed 
Mature, open-pollinated seed harvented from U- ij. 13 
double-cross hybrid plants was dried, shelled, and resoaked 
with distilled water as described under JlaterialvS and Methods. 
The dry seedj containing 8*5 per cent moisture, and soaked 
seed with 20, 25, 30, or 35 per cent moisture was frozen in 
small cork-Btoppered bottles for 0, 3, 8, 36, 72, or 216 
hours at 20°, 15°, 10°, or 0° F. .jince nine days were re­
quired to complete all of the freezing at one temperature, 
four separate soalcing and freezing operations were necessary; 
one for each of the four freezing temperatures. All samples 
to be frozen were placed in the freezing chamber at the same 
time. After thawing, the seed was planted in sand in a 
greenhouse bench for germination and seedling vigor tests with 
three replications of 50 seeds per plot. Unfrozen check 
samples of each moisture level were planted at the same time 
as each lot of frozen seed to compare vigor of the seedlings 
produced from frozen and unfrozen seed. 
oeed viability 
Germination percentages for the five moisture levels, 
four freezing temperatures, and six freezing times are given 
in Table 5 and are plotted in terms of time and temperature 
in Figures 1, 2, 3» and 4. 
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Table 5« Mean germination percentage for open-pollinated 
seed of U. S' 13 dry and t-osl:ed to 20, 25, 30, 
or 35 per cont moisture, and frozen 0, 3, 8, 36, 
72, or 216 hours at 20, 15, 10, or 0° F. 
Moisture 
« 
Duration ! 
content (hours) !-
• 
» 
• 
20°F. 
Temperature 
15^ lO^F. ' OOp 
mean 
Dry = 8  0 = check 91.3 91.3 96.0 90.7 92.3 
20 94.0 92.0 92.7 92.7 92.9 
25 92.7 94.0 93.3 92.0 93.0 
30 92.7 96.0 93.3 91.3 93.3 
35 94.0 92.7 94.7 92.7 93.5 
He an 93.0 93.2 94.0 91.9 93.0 
Dry =8 3 92.7 93.3 92.0 91.3 92.3 
20 92.7 92.0 96.0 88.0 92.2 
25 92.0 92.0 92.7" 88.0 91.2 
30 86.0 68.0 46.0 63.3 65.8 
35 64.0 38.7 19.3 17.3 34.8 
Mean 35.5 76.8 69-2 69.6 75.3 
Dry = 8 8 91.3 92.0 92.7 88.7 91.2 
20 92.7 92.7 91.3 86.7 90.9 
25 92.7 92.0 85.3 78.0 87.0 
30 79.3 50.0 39.3 27.3 49.0 
35 36.7 27.3 10.0 4.7 19.8 
Mean 78.5 70.8 63.7 57.1 67.5 
Dry = 8 
- 36 92.0 92.0 92.0 89.3 91.3 
20 89.3 88.7 92.7 91.3 90.5 
25 92.0 92.0 76.0 78.0 84.5 
30 68.7 40.7 12.7 16.0 34.5 
35 26.0 12.7 0.0 0.0 9.7 
Mean 73.6 65.2 54.7 54.9 62.1 
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Table 5« (Continued) 
lointure 
content 
-.4 /o 
Duration 
(hours) 
Temperature 
20° F. : 15' OR,, 10°F. ! 0"F. 
•esn 
Dry = 8 72 92.7 93.3 92.0 92.0 92.5 
20 87-3 88.7 94.0 93.3 90.8 
25 90.0 89.3 73.3 70.7 80.8 
30 63.3 37.3 9.3 5.3 28.8 
35 26.0 8.7 0.0 0.0 8.7 
iv'ioan 71.9 63-5 53.7 52.3 60.4 
Dry = 8 216 90.7 94.0 90.0 89.3 91.0 
20 90.7 92.7 9:) .3 88.7 91.4 
25 86.0 88.7 65.3 60.0 75.0 
30 66.0 30.0 12.0 3.3 27.8 
35 24.0 8.0 0.0 0.0 8.0 
Eean 71.5 62.7 52.1 48.3 58.7 
Grand mean 79.0 72.0 64.6 61.8 
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Dry (B.5 per cent) and 20 per cent molature seed was not 
damaged by any of the treatments, rjeed containing 25 per cent 
moisture showed no reduction in germination from exposures at 
20° and 15° F., but the germination was reduced as rnuch as 
33 per cent by exposure to 10° and 0° F. Viability of seed 
aosked to 30 and 35 per cent moisture wan reduced ocverely at 
all temperatures and reached 0.0 per cent with exposures of 
36 hours at 10° F. and 35 per cent moiaturo. These results 
show that the resistance of the seed to freezing temperatures 
was a matter of moisture content. Viability was injured when 
hydration of the protoplasm reached a level (30 to 35 per cent 
moisture in the whole kernel) where ice formation could occur. 
The major reductions in germination occurred during the 
first eight hours of freezing with some further decrease up 
to 36 hours of freezing (Figures 1 to 4). Leveling off of the 
curves after 36 hours Indicates that with long exposures (36 to 
216 hours) time was not Important. The ability of some seed 
in the 30 and 35 per cent moisture samples to withstand long 
exposures to freezing temperature may have been due either to 
genetic differences in the seed within these samples, or to 
differences in moisture content, or to both. Individual 
kernels were checked for inointure content and none of the 
seeds tested deviated more than i I.5 per cent from the mean 
of the sample. If moisture differences were responsible for 
the variation, the conclusion would be that small differences 
in moisture content were important in determining whether or 
-40-
not death occurred. It appears rnore likely tliet survival v/as 
due to genetic differencen Grnong individual kernels In the 
open-polllneted seed fron; the double-cro^B hybrid IJ. 8. 13 
plants. 
Mean germination for the 20^, 15°, 10°, and 0° F. temp­
eratures was 79'0, 72.0, 64.6, and 61.8 per cent, respectively. 
The effect of temperature apparently was not linear. Luyet 
and Gehenlo (33) stated that the velocity of crystfillizatlon 
and the grov/th of ice cryf^tala are not proportional to decrease 
in temperature, but become leas rapid at lower temperatures. 
Freezing injury to germination of soaked seed depended 
on moisture content, temperature of freezing, and duration of 
exposure-
With the soil at freezing temperatures, these data might 
indicate the degree of damage to viability of seed corn in 
the ground. Kiesselbach and Ratcliff (27) found that when 
air-dry corn with 7*7 cent moisture was embedded in moist 
soil, the embryo had 36.8 per cent moisture and the endosperm, 
20.8 per cent. Soil temperatures as low as 20^^ F. are unlikely 
to occur in the spring of the year, but the results Indicate 
that soaked seed containing 30 to 35 per cent molBture is 
susceptible to freezing and may be injured by exposures to 
soil temperatures higher than 20° p. 
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BeedllnR v 11-2:0r 
Rate of aeedllng emergence in the gerrQinetlon tests v?ae 
related to the moisture content of the soaked seed, v;ith no 
diffea-'ence between frozen and unfrozen seed. Seedlings from 
the more raoist saffiples emerged one to three dayB before those 
from tVie drier samples, and, so a conoequence, the seedling 
weights were heavier at the time of harvest, 16 days after 
planting- Weights of seedlings from frozen seed in percentage 
of the unfrozen checks are presented in Table 6. 
There was no injurious effect of freezing on the average 
weight of normal seedlings- Percentages of weak seedlings 
were counted, and there was no difference between unfrozen 
and frozen seed. Freezing injury to soaked seed apparently 
was an all or none effect; the seed either was killed com­
pletely or it survived and its seedling vigor was uniicpaired-
Ice crystals formed on the outside of the soaked seed 
containing 25 per cent or more of inoisture, and ice was 
obvious within the kernels at the higher moistures- In spite 
of such freezing, the grain was sotnetimes uninjured, or if it 
showed any injury it was killed. These results suggest that 
intercellular Ice did no damage, but that the foriuation of 
ice crystals within the protoplasm resulted in the death of 
the seed. Since inteiTnediate degrees of injury were not 
observed, it is assumed that intracellular ice, once started, 
was able to spread throughout the embryo, perhaps Inoculating 
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Table 6. Grreen weights of seedling tops in per cent of 
unfrozen checks for o^en-oolllnated seed of 
U. s. 13-
Freez­
ing 
teiiiD. 
Moiature 
content 
of seed 
Hours of freezing 
3D 72 216 
KG an 
20° F. 
Dry = 8.5 91. 67 89 .80 101.92 105. 88 111 .11 100 .08 
20 104. 16 104 .08 96.15 113. 73 101 .85 104 .00 
25 97. 92 100 .00 96.15 109. 80 103 .85 101 .54 
30 95. 83 100 .00 90.38 113. 73 101 .92 100 .37 
35 100. 00 97 . 96 108.86 84. 62 115 .63 101 .41 
liCean 97. 92 98 .37 98.69 105. 55 106 .87 101 .48 
15° F. 
Dry =8.5 102.13 103 . 3 3  107. 69 109. 43 107 .02 105 .92 
20 106.38 101 .67 107. 69 96. 55 112 .28 104 .91 
25 91.49 103 . 3 3  96. 15 100. 00 103 .51 98 .90 
30 110.64 98 . 3 3  103. 85 106. 90 119 .30 107 .80 
35 100.00 93 . 3 3  101. 92 105. 17 101 •75 100 .43 
Mean 102.13 100 .00 103. 46 103. 61 108 .77 103 .59 
10° F. 
Dry = 8.5 115.52 98.39 
20 110.34 10S.06 
25 108.62 98.39 
30 100.00 96.77 
35 91.38 106.45 
Mean 105.17 101.61 
96.88 85.90 102.53 99.84 
101.56 100.00 100.00 103.99 
96.88 105.13 120.25 105.85 
104.69.105.13 103.80 102.08 
J/ ___ 98.92 
100.00 99.04 106.65 102.14 
00 
Dry = 8.5 106.67 127 .91 103.77 96 .15 93. 44 105. 59 
20" 108.89 109 .30 105.66 123 .08 103. 28 110. 04 
25 100.00 102 .33 92.45 90 .38 122. 22 101. 48 
30 104.65 107 .55 100.00 95 .56 106. 98 102. 95 
35 103.77 98 .08 — — -W • - 100. 93 
Jwean 
0
 
CO 
• 
0
 
1—( 
109 .03 100.47 101 .29 106. 48 104. 20 
1/ None of geed fjerrninated. 
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adjoinlng cells through the plapiiriodesme. This reaction 
contrastB ahsrply with that of maturing seed, reported belov;, 
In which graded injury WSG obteined, suggesting more localiza­
tion of areas of internal ice formation, btuckey end Curtis 
(55) found that ice formed within embryo cell a of sections 
of soaked wheat seed but only, under the conditions of their 
experimentQ, when the inoloture content wan 27 per cent or 
more. No freezing wets obcerved in the endoaperin except when 
the seed was saturated with water. 
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FRT^SZING EX?ERI!.:iCKTS WITH Iv'An?URINa EARS 
Dlntributlon of moisture in the vsrious kernel parts of 
soaked seed containing 20, 25, 30, or 35 per cent moisture 
and of freshly harvented seed containing 35 per cent moisture 
is given in Table ?• f.'oioture contents of the embryo and 
pericarp were consistently higher than that of the endosperm. 
The embryo of soaked need was 6.11 per cent higher in moisture 
than frenhly harvested seed when the whole kernel of both 
contained 35 to 36 per cent moisture, sus';.5e.'^ting that soaked 
seed might be more severely injured by freezing than freah 
seed at the name mointure level. 
Table ?• Distribution of mo istare in vsrious kernel parts of 
soaked f?eed and freshly harvested seed from open-
pollinsted plants of U. P. 13* 
Kernel 
oart 1 
Freshly * 
harvested | 
seed 
Soaked seed 
Pericarp 52.63 47.50 38.34 27. 92 16.47 
Embryo 48.16 54.27 47.31 33. 49 21.68 
Undosperm 30.71 28.41 25.68 22. 69 19.38 
Vt'hole kernel 36.01 35-38 30.69 25. 46 21.15 
Soaked and freshly harvested seed at 35 P©]^ cent moisture 
was frozen as indicated in Table 8. shelled seed, both fresh 
and soaked, was frozen in small stoppered bottles. Seed 
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reaoaked with water after drying more severely injured by 
freezing than shelled, freshly harvested seed-- Higher moisture 
content in the embryo of soaked seed may have been a factor 
in the IncreaBed damage. Protoplasm in the procesB of digestion 
iriay have been more susceptible to Internal ice cryntal forma­
tion than the saiiie protoplaBm during synthesis* Water may be 
"bound" more closely with the protoplagra during maturation and 
development of the freshly harvested seed, thereby resisting 
cryBtslllzation. Ice crystals formed on the outside and within 
the soaked kernels; no crystals were observed on the outside 
of freshly harvested seed, but ice was observed within some of 
the shelled fresh seed. Kernels embedded on the ear without 
benefit of husk protection apparently were protected by heat 
conduction from the cob and by plscernent on the cob. The husk 
was an additional protector of viability at both the elght-
and 16-hour exposures. 
Table 8. Mean germination percentage for open-pollinated seed 
of U. S. 13 frozen at 20° F. with various treatments 
at 35 per cent moisture. 
Hours Treatment 
exposure With husks : Without ; Shelled : Shelled 
to 20° p. on ears husks : freshly : soaked 
! on ears : harvested: seed 
J : seed 
0 94 96 93 97 
2 92 93 85 61 
4 93 94 65 48 
8 91 82 54 40 
16 84 65 24 26 
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Gopper-constsntan thermocouples and a portable potenti­
ometer were used to check the temperature under the hunk of 
four inbred lines during freezing (Table 9)• The temperature 
under the husk was approximately 35° when the ears were 
placed in the freezing chambers. Air temperature of the 
chamber dropped from 35 to 20° F. in one and one-half hours-
The average tevripersture under the husk waa 25-5° F. after nine 
hourn in the chamber. The Be results indicate that the husk 
may effscfcively reduce freezing injury by slowing heat losses. 
Table 9. Temperature beneath the husks of ears of inbred 
lines of corn at various intervals after placing 
in the refrigerator for freezing at 20° F. 
Inbred 
1 ine 
:Kours after entering refrigerator at •
 
o
 
o
 
CVJ 
M'"..—.IW 
» 
• 
; Air 
; 0 : 1 : 2 3 : 4 : 9 : temp. 
Temperature o F. • • 
iYl4 34 32 29 28 27 25 20 
K14 35 32 30 25 25 24 20 
WF9 35 33 31 30 29 26 20 
WF9 34 34 30 28 26 26 20 
0s420 35 34 30 28 28 27 20 
0S420 35 33 29 27 26 26 20 
W22 34 32 30 28 27 25 20 
W22 36 33 31 28 27 26 20 
Kean 34. 8 32.9 30.0 27-8 26 .9 25. 5 20.0 
The freezing temperatures and exposures used with maturing 
ears of corn were chosen on the basis of typical fall freezes 
and should be interpreted on that basis, remembering that slow 
cooling of the bulky, snapped ears and the liberation of heat 
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during ioe formation tended to reduce the r^ev^rlty of the ]-0V5 
temperature trestinents- For this reeaon the results with 
soaked seed and maturing grain oannot be directly compsrGd 
except in the data of Table 0. 
Effect of Temperature, Freezing Period, i.oisture 
Content, and Variety of Seed 
Earo frotii inbred and Bingle-cross plants were harvested 
when the seed contained various moisture contents, and were 
frozen under controlled conditions. 
In 1946, aelfed seed of WF9 and l/il4 was planted in a 
block (2 rowEB ffF9 J 1 row Ml4) at each planting date in the 
com breeding nursery, similar plantings of 0s420 and W22 
were made (2 rows 0s420 j l row \'/22). WF9 and 0s420 plants 
were detaaseled, and the ears used in the freezing experiments 
were harvested from the detasaeled plants. In this study the 
seed produced is designated as Fi seed of IVF9 x Ml4 and 0s420 x 
W22, although there was opportunity for contamination from 
surrounding corn in the nursery. Ears were harvested when 
the seed contained 50j ^0, or 30 pei^ cent moisture and frozen 
0, 2, 4, 8, or 16 hours with husks on the ears at 26^^, 20°, 
or 14^ F. The dried seed was tested for germination and seed­
ling vigor in a split-plot design with four replications of 25 
seeds per plot. 
Single-cross seed of \YF9 x Ml4 was planted in a block in 
the nursery at each planting date in 1946. Open-pollinated 
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oars v/oro harvosbed at 65, 55, 50, or 40 per cent Kiolatare 
and frozen 0, 2, 4, or 3 hrsurs wi.th husks on the oars at 26°, 
SQO, or 14® P. The seed produced is designated aa F2 sood of 
WP9 X M14, but thni'c) waa opportunity for contamination by 
surrounding corn. Germination r;af.^ tested in a split-plot 
design vrith five replications of 25 seoda per plot. 
Seed of V/P9 j: M14 and 0 0 4 20 x ''^22 v/as planted in separate 
blocks in the nursery at each planting; date in 1947. Open-
pollinatcd ears wero harvested from these two single crosses 
v/hon the soed contained 50, 40, or 30 per ceat moisture, an:! 
frozen 0, 4, 0, 16, or 24 hours >vith husks on the ears at 26o, 
20°, or 14° F. The seed is d03if;_;nated as Pg seed. Germina­
tion tests were coiiducted in a split-plot d0;')it';n v^ith four 
replications of 25 seeds per plot. 
peed viability 
Mean ger'mination porcentagos for the 90 ti'eatinents in­
volving p^. seed of 7i'P9 x i.I14 and 0s420 x Vv22 are [_,i-/en in 
Table 10. Means for tho transformed gGrinination data in 
angles arc presented in Table 11, and trie analysis of vari­
ance of the transformed data is given, in Table 12. Any com­
parison based on the analysis of variancs iiiust be made with 
the transformed means in Table 11. Gormlnution percentages 
for 20° and 14® p. freezing' are plotted in Pigures 5 and 6. 
Sxpoaures up to IG hours at 260 [?, resulted in no in­
jury to either variety. Tempera buroa of 20o p. and 14o p. 
reduced viability of the seed of both varieties. 
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Table 10. ivlesn germination percentage for seed of V/F9 x M14 and 0d420 
at 50, 40, or 30 per cent moisture, and frozen 0, 2, 4, 8, or 
20, or 26° R. 1946 
Duration Temoereture of freezing 
of 14^ F. • 20" F. 26^ • F. 
freez­ Moisture content . .Moisture content • •Moisture cont 
ing of seed • Mean • of seed ; Mean of Seed 
(hours) 50% ; 40^ ! 30;^ 5 : 50Ji : 40% ! 30% 
• 
: 50f. : : 
P;]^ aeed of V/F9 x Kl4 
0 100.0 97.0 98.0 98.3 98.0 95.0 95.0 96.0 96.0 99.0 S 
2 96.0 98.0 97-0 97-0 94.0 97.0 100.0 97.0 99.0 98.0 S 
4 71.0 82.0 96.0 83.0 91.0 98.0 96.0 95.0 98.0 98.0 S 
8 22.0 64.0 91.0 59.0 86.0 90.0 100.0 92.0 97.0 100.0 ic 
16 1.0 4.0 68.0 24.3 65.0 72.0 97.0 78.0 93.0 95.0 ^ 
Mean 58.0 69.0 90.0 86.8 90.4 97.6 96.6 98.0 ^ 
72.3 91.6 
Fi seed of 0s420 x W22 
0 95.0 100.0 96.0 97.0 94.0 98.0 96.0 96.0 97.0 98.0 i 
2 80.0 91-0 99.0 90.0 95-0 97.0 97-0 96.3 98.0 95.0 ^ 
4 44.0 62.0 90.0 65.3 86.0 94.0 97.0 92.3 97.0 94.0 1^ 
8 13.0 22.0 86.0 40.3 58.0 82.0 98.0 79.3 93.0 98.0 
16 0.0 1.0 55.0 18.7 9.0 50.0 98.0 52.3 95.0 97.0 K 
Mean 46.4 55.2 85.2 68.4 84.2 97.2 96.0 96.4 • 
62.3 83.3 
Grand 
mean 52.2 62.1 87.6 77«6 87.3 97.4 96.3 97.2 ' 
67.3 87.4 
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erminatlon percentage for seed of y/F9 x lnl4 and Oo420 x W22 harvested 
40, or 30 per cent moisture, and frozen 0, 2, 4, 8, or 16 hours at 14, 
26° Fm 1946 
w F. 20" F. 26*^. P. 
Grand 
mean 
e content . 
seed . Mean 
Moisture content • 
of seed ; Mean 
Moisture content 
of seed Mean 
40^ . 30)^ » 50% : 40% 5 30% ; 50% : 40% : 30^. 
i^eed of Vv'F9 x 1^14 
17.0 98.0 
18.0 97-0 
2.0 96.0 
;4.0 91.0 
4.0 68.0 
i9.0 90.0 
98. 3 98.0 
97. 0 94.0 
83. 0 91.0 
59. 0 86.0 
24. 3 65.0 
86.8 
72.3 
95*0 95.0 
97.0 100.0 
98.0 96.0 
90.0 100.0 
72.0 97.0 
90.. 4 97.6 
96.0 96.0 
97.0 99.0 
95.0 98.0 
92.0 97.0 
78.0 93.0 
96.6 
91.6 
99.0 97*0 
98.0 97.0 
98.0 99.0 
100.0 100.0. 
95.0 99.0 
98.0 98.4 
97 .3 97. 2 
98 .0 97. 3 
98 92. 1 
99 .0 83. 3 
95 .7 66-0 
97.7 87.2 
Fi seed of 0s420 x W22 
)0.0 96.0 97.0 94.0 98.0 96.0 96.0 97.0 98.0 97.0 97.3 96.8 
)1.0 99.0 90.0 95.0 97.0 97-0 96.3 98.0 95.0 96.0 96.3 94.2 
>2.0 90.0 65.3 86.0 94.0 97.0 92.3 97.0 94.0 100.0 97.0 84.9 
J2.0 86.0 40.3 58.0 82.0 98.0 79.3 93.0 98.0 100.0 97.0 72.2 
1.0 55.0 18.7 9.0 50.0 98.0 52.3 95.0 97.0 100.0 97.3 56.1 
55.2 85.2 68.4 84.2 97.2 96.0 96.4 98.6 
80.8 62.3 83.3 97.0 
52.1 87.6 77.6 87.3 97.4 96.3 97.2 98.5 
84.0 67.3 87.4 97.3 
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Table 11. r/ean in angles of trsn$?foriiied germination data for P3_ seed < 
0s420 X W22 harvested at 50, 40, or 30 per oent moisture, ai 
8, or 16 hours at 14, 20, or 26° F. 1946. 
Duration Temperature of freezins 
of 14° F. • 20" F. 260 F 
freez- Moisture content . .Moisture content • .Moisture c( 
in{5 of seed . Mean * of seed . Me an of se< 
(hours) 
o
 
o
 
in 
: 30% . 5 50% : 40% : 30/ta • 
• 
: ^0% 
Fi seed of WF9 x Ml4 
0 90.0^^31.4 85.9 85.8^ 84.3 78.9 81.2 81.5 78.5 87.1 
2 81.1 85.9 83.0 83.7 79.9 83.0 90.0 84.3 87.1 85.9 
4 57.5 56.7 81.8 68.2 72.9 84.3 80.2 79.1 84.2 8^.2 
8 27.4 53.3 72.9 51.2 68.8 71.8 90.0 76.9 81.4 9C.0 
16 2.8 11.5 55.7 23.3 53.8 58.6 83.0 65.1 75.1 78.9 
Jrflean 
4/ 
52.0^''59.5 75.9 71.9 75.3 84.9 81.3 85.2 
62.4 77.4 
F]^ seed of OG 420 x W22 
0 79.2^ 90.0 81.8 83.7^76.3 84.3 81.8 80.8 83.0 8^.3 
2 63.6 72.9 87.1 74.5 77.3 83.0 81.4 80.6 84.3 75-2 
4 41.4 51.2 72.1 55.3 68.7 76.1 83.0 75.9 83.0 76.1 
8 21.0 27.7 68.7 39.1 49.7 66.2 84.3 66.7 77.0 85.9 
16 0.0 2.8 47.9 16.9 16.0 45.0 84.3 48.4 77.3 83.0 
Mean 41.0^^49.2 71.5 57.6 70.9 82.9 80.9 81.7 
53.9 70.5 
Grand C /  
mean 46.5 54.3 73.7 64.7 73.1 83.9 81.1 83.5 
58.2 73.9 
Probablli 
Least significant differences in angles between any two: 5^ 
1/ Variety x moisture x duration x temperature means....... 9.9 
Variety x duration x temperature 5.? 
Variety x duration means.... 3.3 
Variety x moisture x temperature 4.4 
Moisture x temperature means 3.1 
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angles of transformed germination data for F]_ seed of x Ml4 and 
\\'22 harvested at 50, 40, or 50 per cent moisture, and frozen 0, 2, 4, 
hours at 14, 20, or 26° F. 1946. 
Temperature of freezinR 
V? r • • 20'^ F. • 260 F, 
content .Moisture content . .Moisture content • Grand 
eed Mean . of seed . Mean « of seed ; Mean mean 
' %  : 30% ; 50% ; ^ 0% : 30/5 . ; 40JS : 30^ • 
Fi seed of WF9 x Ml4 
4 85.9 85-8^ 84.3 78.9 81.2 81.5 78.5 87.1 83.0 82.9 83.4^ 
9 83.0 83.7 79.9 83.0 90.0 84.3 87.1 85.9 83.0 85.4 84.4 
7 81.8 68.2 72.9 84.3 80.2 79.1 84.2 8^,2 87-1 85«2 77.2 
3 72.9 51.2 68.8 71.8 90.0 76.9 81.4 9C.0 90.0 87.1 71.7 
5 55.7 23.3 53.8 58.6 83.0 65-1 75.1 78.9 87.2 80.4 56.3 
5 75.9 71-9 75.3 84.9 81.3 85.2 86.1 
62.4 77.4 84.2 74.7 
^1 seed of Os 420 X W22 
,0 81.8 83.7^76.3 84.3 81.8 80.8 83.0 8^.3 83.0 83-4 82.6-' 
.9 87.1 74.5 77.3 83.0 81.4 80.6 84.3 7S.2 80.2 81.2 78.8 
.2 72.1 55.3 68.7 76.1 83.0 75.9 83.0 76.1 90.0 83.0 71.4 
.7 68.7 39.1 49.7 66.2 84.3 66.7 77.0 85.9 90.0 84.3 63.4 
.8 47.9 16.9 16.0 45.0 84.3 48.4 77.3 83.0 90.0 83.4 49.6 
.2 71.5 57.6 70.9 82.9 30.9 81.7 86.6 
53-9 70.5 83.1 69.2 
.3 73.7 64.7 73.1 83.9 81.1 83.5 86.3 
58.2 73.9 83.6 71.9 
ProbabJlity 
differences in angleo between any two; 5% 1% 
ure X duration x temperature means 9.9 13*1 
ion x temperature means 5*7 7*5 
ion means 3*3 4.4 
ure X temperature means 4.4 5.8 
erature means.. 3*1 4.3 
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Table 12. Analysis of variance of transformed £-;artnination 
data for P]_ 30od ot' x M14 and 0s420 x '^'22 
harvoatad at 50, 40, or 30 oer cent moiaturo, 
and rro::'.0n 0, 2, 4, 8, or 16 hours v/it.h husks 
on the ear3 at 14, 20, or 26° "p. 1946. 
Sourco of variation Degrees of llean 
froedom square 
Replications 3 50.92 
Temporaturos 2 19,308.62 
Error A 5 42.34 
Moisturos 2 9,109.25 
Mo is ture s x temperat lu'^e s 4 1,345.21 
Error B 18 44.60 
D ui^ a 110 n a 0 f freezing 4 10,840.24 
Durations x tempera r.urea 8 4,223.86 
Durations x moistures 8 1,566.17 
T X D X M 16 255.56 
P^Irror C 108 36.32 
Varieties 1 2,732.96 
Varietios x temperatures 2 454.61 
Varieties x durations 4 146.63 
Varieties x moistures 2 338.03 
V X D X T a 137.67 
V X temperatures x M 4 135.53 
V X durations x M 8 63.59 
V X T X. D X M 16 141.00 
Error D 135 50.25 
Total 359 
tCXD 
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Figure 5. C-Grminsticcrcentage of seed of V/F9 x L;K and 0s420 x Vi22 .frozsn at 
F. IS'.J. 
D. 2.B OS 420 DO 
WF%, 50*7; 
O3 -4-2.0 y.W2.-z. 
M— Os 4-2.0 30"To 
VYFq >CM|4 30'fe 
I 
Ln VjJ 
I 
o a -4- B Ife 
M<=)i_jf=-S AT 1-4°F 
Figure 6. Gemination peroent£i[;o of seed of V.T9 x I';I14 end Os420 x 7,'22 frozen at 
14° F. 1946. 
•A'horo conditions were sevoro onou; h to produce in­
jury, soed of ''7P9 x 1,114 v/as conslatontly less damaged than 
seed of 0s420 x ''122. The dlfforoncQS botv/een tha two varie-
tiea was dependent on the sovority of tho froezo and the 
moisture content of the seed. The varieties probably do 
not repi*0sont tha extremea in varietal differ-ences that 
exist in corn when the seed is at a similar moisture content. 
F.xpoaures of tv.'u of four ho.irs at 20° F. produced no 
injury to oither variety. vVhen subjected bo eight or 16 
hours at 20° P. viability v/an damaged if the soed contained 
50 or 40 per cent moisture. Fioed containinf^ 50 or 40 per 
cent moisturo was reduced in [tormination by exposures of 
four to 16 hours at 14° F. Seed containinf, 30 per cent 
moisture \vas safe from injur;/ ii'i all treatmants except the 
eight and IS hour froszHS at 14° F. Seed y?ith 50 or 40 per 
cent moisture vjas daiuaged by 20° or 14° F. depending on the 
length of exposure. Two-hour exposurt^a at any of the three 
temperai'ure3 did not reduce viability. 
Decreasin;:;, the tor^iporatur'B from 26° to 20° p, reduced 
germination 9.9 per cent as an avara(-:o for all nioisturas, 
durations, and varieties. A further decrease in temperabure 
from 20° to 14° P. (^ave an avGrar. e of 20.1 per coat re­
duction. '.''ith the teKiperature3 used here, there was no 
indication of a loveling-off in tha effect of tomnorature 
as v.'as apparent with tho soaked seed i'rozen at 10° and 0° P. 
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and prevloualy described, probably bacauae bho protGction 
of ears and hucika prcvoutod injury with tho leas severe 
treatments. 
It is apparent that the raain effecta and the first and 
higher order interactLona were significant when tested 
af^ainst the random error teriii (Table 12). The F valuefs have 
boon omitted from all analyses of variance tables where 
there vjere significant interactions, since the appropriate 
error tGrm for teati .g a main effect 7;ould depend upon the 
particular comparison of interest and tha hypothesis to be 
tested. Teraporature, raoistui'o, duration, and variety 
effecta are significant when tested v/ith any of the second 
order intei'actiona or v/ith the third order interaction. 
Figures 5 and 6 shcra' the presence of these interactions 
and erapliasiKe the difficulty in making accurate statements 
about tbB general offoct of fraezin;^ conditions on seed 
viability. The results of this experiment demonstrate the 
noceasity of kt'ov/ing the specific details of variety and 
moisture content of the seed, temporature of freezing, and 
duration of exposure before one can estimate the damage that 
might occur, Otlier factors that may also influence injury 
\'7ill be brought out in later sections of this study. 
Tables 13, 14, and 15 present tiie moan germination per­
centages, moans in an;-les, and th^s analysis of variance of 
the transformed data for Fg seed of WP9 x M14 froEon in 1946. 
Ko injury occurred to tieed with 40 per cent moisture. Seed 
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Tsble  13'  l iesn germinat ion percentage for  ?2 seed of  WF9 x  harves  ted ct  
raolsture,  frozen 0 ,  2 ,  4 ,  or  8  hours  with huaka on eara at  14^ 20 
Duration Temperature of freezing 
of 14^ F.  • 2^ F. 
freez­ Moi sture content Moisture content » 
ing of seed • iiean • of  seed • Kean 
(hour?) 55^^! ; 50% : 40;% . 
' % 
; 65>i' 5 55> : 50% 40% . /•J 
0 76.0 88.0  94.4 96.8 88.8  74.4 • 88 ;o 92.6  95.2  87.6 75.  2  
2  66.4 85.6 92.8 97.6  86.0  71'2  91.2  92.0  97-6 88.0  75.  2 
4 49" 6 70.4 79.2 95.2  73.6  76.0 86.4  91.2  96.0  88.2  73.  6  
8  19.2 35.2  44.0  90.4  47.2  58.4  66.4  85.6 96.0 76.6 66.  4  
2('oan 52.S 70.2 77.6  95.0  70.0 83.0  90.4 97-0 72.  6 
73.9 85.1 
Table  14.  Mean in  arigles  of  trensformed germinat ion data for  Fg seed of  WFS 
or  40 per cent  moisture,  frossen 0 ,  2 ,  4 ,  or  8  houra at  14,  20,  01 
Duration Temperature of freezing 
.of 14" F. : 20" F. 
freez­
ing 
iKOisture content : : 
of seed 5 liean j 
lioisture content • 
of seed : Mean 
Kc 
(hours) 65% : 55% : 50% ; 40% j . 65% J 55% J 50% : 40% ; 
0 
2 
4 
8 
Mean 
61.0-^69.9 
54.7 70.0 
44.8  57«1 
25.9  36.4  
46.6^58.4  
79.7 
76,6 
63.1 
41.6  
83.6 
84.4  
81.9 
74.4 
73.6-^^59.8-
71.4 57.8 
61.7 60.9 
44.6  50.0 
70.3 
74.5 
68.8 
54.6 
74.8 
77.8 
75.0 
68.4  
79.0 
84.4  
87.7 
82.7 
71.0^/60.3-
72.6 60.4 
73-1 59.5 
63*9 55.0 
65.3 81.1 
62.8 
57.1 67.1 74.0 83.5 
70.4 
58.8 
Leaat  s ignif icant  di f ferences  in  angles  between any two J 
Probabi l i ty  
5% 1% 
1/ Temperature x moisture x duration means 8.6  11.3  
Temperature x duration 4.6  6 .2  
5 /  Temperature x moisture 4.3  5*7 

aentase for F2 seed of WF9 x harvested st 65, 55, 50, or 40 per cent 
2, 4, or 8 hours with huaks on ears at 1^4^ 20, or 260 F. 1946. 
Temperature of freezing; 
200 F. 26° F. 
. . Moisture content . » 
. iiean ' of seed . Kean 
; lloisture content : 
of sGGd : lie an 
G-rand 
mean 
. . 65/u ! 55)'' • 50>t 5 Mo% . ; i 55^0 ; 50% : 40;/. . 
88.8 74.4  • 88 ;o  92.8 95.2  87.6 75.2  87.2 92.0 97.6  88. 0 68.1 
86.0 71-2 91.2 92.0 97.6  88.0 75.2  89.6 92.8 98.4  89. 0 87.7 
73.6  76.0 86.4  91.2  96.0 88.2  73.6  94.4 95.2  98.4  90. 4 84.1  
47.2  58.4  66.4  85.6 96.0  76.6 66.4  92.0 90.  -'1 96 .8  86.  4  70.1 
70.0 83.0  90.4 97.0  72.6  90.8 92.6  97.8  
73.9 85.1 88.5 82.5 
engformed gerinination data for F2 seed of \VF9 x Kl4 harvested at 65, 55, 50, 
ure, froaen 0, 2, 4, or 8 hours at 14, 20, or 26° F. 1946. 
Temperature of freezinej 
: 20"^ F. 260 F. 
{ { Moisture content • 
• Mean ; of seed : Mean 
• Koisture content ; 
1 of seed ; Mean 
Grand 
mean 
; : ; 65% ; 55% s 50;r6 : 40% ; : 65% i 55% i 50% ; 40^ : 
73.6-^^59 *0^70 
71.4 
61.7 
44.6 
62.8 
57.8 
60.9 
50.0 
3 
74.5 
68.8 
54.6 
74.8 
77*8 
75.0 
68.4 
79.0 
84.4 
87.7 
82.7 
57.1 67.1 74.0 83.5 
71.0^/ 
72.6 
73.1 
63.9 
70.4 
Probability 
Ln angle3 between any tv/o: 5% 1% 
60.3^ 69.8 75.6 83. 1 72,^ 72 .3 
60.4 73.8 76.3 85. 4 74.0 73 .0 
59.5 78.1 80.3 85. 4 75.8 70 .2 
55.0 74.1 72.2 80. 8 70.5 59 .7 
58.8 73.9 76.1 83. 7 
73.1 68.8 
?ation means 8.6 11.3 
4.6 6.2 

Table If,'. Analysis of variance of tranaformod 
data for Fg sood of '''•P9 x Ml4 )iarvesto:3 at 65, 55, 
50, or 40 oer cant moi.sturG, and frozen 0, 2, 4, 
or 8 h:vur3 vrlth husks on biw oars at 14, 20, or 
26° F. 1946. 
Source of variation Degrees of 
freedom 
1,1 e an 
square 
Replications 4 142.76 
TamperaturOS 2 2 ,286.81 
Error A a 79 .55 
Durations of freezing 3 2 ,302.38 
Temperatures X durations 5 850.20 
Blrror B 36 51.35 
Moistures 3 8 ,452.00 
Moistures x temporaturea 6 171.62 
Moistures x dijj'at ions 9 157.89 
M X T X D 18 72.76 
Error G 144 47.21 
Total 
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with 55 and 65 per cent molaturo war, injured by eight-hour 
expoaure:? at 20° F., v/hllo seed v.'ifch 50 and 40 por cent 
inoistviX'e was apparently safo) from damago. At 14° P. sood 
v/ith 50, 55, or 65 per cent moisture waa damaged by treat­
ments of four and eight h.ura, but uninjured by a two-hour 
expoaure. Two and four hours of 20° P, teiuporature produced 
no injui'y. 
A temperature of 25° F. v/as not fatal to any oC the 
seed, 'i'ho temperature underneath the husk of oars from in­
bred lines given an eight-hour freeze at 20° F. did not go 
below 25.5° P. (Table 9), and it is probable that seed on 
oara exposed to 2G° F. air temperature v/as not injured bocaus'-
the temperature under the husk did not roach the freezing 
point of the cox'n. 
Pg aeed of IVP9 z. M14 was injured leas by an eight-hour 
freeze at 14° F. than the P]_ seed of '.VPQ x M14 (Table 10) . 
Germinations were 44.0 and 22.0 por cent at 50 per cent 
moisture and 90.4 and 64.0 per cent at 40 per cent moisture 
foi- tha two typoH of seed, ilai'n of several double-cross 
hybrids were frozen eight houra at 20° P. in 1946 when the 
seed contained 40 por cent niLylature. Hone of the seed vitxs 
reduced in germination. probably the lartj;or ear size of the 
single- and double-croas plantv<3 was a factor in delaying 
cooliri;.j; and thereby I'-educing tha freezing injury to the seed. 
Tables 16, 17, and 13 present thp mean germination per-
contaf;es, means in an^^le-s of transformed yarmiaatlon data. 
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Tsble 16. Mean germination percentage for F2 seed of WP9 x M14- and 0s4 20 x 
at 50» or 30 per cent moigture, and frozen 0, 4, 8, 16, or 2-^) 
husks on the ears at 14, 20, or 26o F. 1947* 
Duration 
of 
freez­
ing 
(hours) 
14-0 p. 
Temperature of freezing 
200 F. 26V F, 
J.^oisture content 
of aeed 
50^i"T~Zf?5J~r3D]r 
jKoiature content . 
Mean ! of seed ! 
; : 46^ ; j 
jMolature 
Mean \ of se^ 
!"3^r~ni^ J 3C 
F2 seed of WF9 x i.ll4 
0 90.0 96.0 99.0 95.0 91.0 95.0 97.0 94.3 89.0 95.0 
4 60.0 79.0 91.0 76.7 82.0 88.0 99.0 89.7 87.0 97.0 
8 2.0 29.0 76.0 35.7 68.0 80.0 92.0 80.0 78.0 93.0 
16 0.0 2.0 40.0 14.0 25.0 53.0 76.0 51.3 69.0 77-0 
24 0.0 1.0 15-0 5.3 0.0 37.0 62.0 33.0 52.0 82.0 
Kean 30.4 41.4 64.2 53.2 70.6 85.2 75.0 08.8 
45.3 69-7 
F2 seed of 0s420 x V/22 
- 0 94.0 97-0 94.0 95.0 90.0 96.0 100.0 95.3 91.0 94.0 
4 31.0 60.0 88.0 59.7 69-0 89.0 92.0 83.3 73.0 98.0 
6 3.0 11.0 37.0 17«0 51-0 67.0 88.0 68.7 59.0 87.0 
16 0.0 4.0 6.0 3.3 2.0 39.0 55.0 32.0 51.0 84.0 
24 0.0 0.0 0.0 0.0 0.0 17.0 44.0 20.3 35.0 83.0 
Mean 25.6 34.4 45.0 42.4 61.6 75.8 61.8 89.2 
35.0 59.9 
Grand 
mean 28.0 37*9 54.6 
40.2 
47.8 6.6.1 80.5 
64.8 
68.4 89.0 
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linatlon percentage for F2 seed of WP9 x and Os4 20 x 7/22 harvested 
or 30 per cent moisture, end frozen 0, 4, 8, 16, 24 hours with 
the ears at 14, 20, or 26° F- 194?• 
content 
f^eed 
yji : 30% 
99.0 
91.0 
76.0 
40.0 
15»0 
64.2 
Temperature of freezing 
200 F, 
Mean 
26V F^ 
isJoiature content 
of seed 
50'^ : 40^ : 30/» 
!u';oisture cO^'tQnt . 
Mean ! of se^ 
3^R^. 50^ : 40% 
F2 Beed of YvF9 x Ml4 
95.0 
76.7 
35.7 
14.0 
5.3 
45.3 
91.0 
82.0 
68.0 
25.0 
0.0 
95-0 
88.0 
30.0 
53.0 
37.0 
97.0 
99-0 
92.0 
76.0 
62.0 
53.2 70.6 85-2 
94.3 
89.7 
80.0 
51.3 
33.0 
69.7 
89-0 
87.0 
78.0 
6Q.0 
52.0 
95.0 
97.0 
93.0 
77.0 
8 2 . 0  
75«0 88.8 
Grand 
mean 
95-0 93-0 94 .1 
93.0 92.3 86 .2 
95.0 88.7 68 .1 
92.0 79.3 48 .2 
98.0 77.3 38 .6 
94.6 
86.1 67.0 
F2 seed of 0s420 x W22 
.0 94.0 95.0 90.0 96.0 100.0 95.3 91.0 94.0 
.0 88.0" 59.7 69* 0 89'0 92.0 83.3 73.0 98.0 
.0 37.0 17.0 51.0 67-0 88.0 68.7 59.0 87.0 
-.0 6.0 3-3 2.0 39.0 55.0 32.0 51.0 84.0 
1.0 0.0 0.0 0.0 17.0 44.0 20.3 35.0 83.0 
N4 45.0 42.4 61.6 75.8 61.8 89.2 
35.0 59.9 
'.9 54.6 47.8 66.1 80.5 68.4 89.0 
40.2 64.8 
95.0 93.3 94.6 
98.0 89.7 77.6 
95.0 80.3 55.3 
99.0 78.0 37.8 
90.0 69.3 29.9 
95.4 
82.1 59.0 
, 95.0 
84.1 63.0 
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Table 17* Wesn In angles of transformed germination data for P2 of 
0n420 X \V22 harvested at 50, 40, or 30 per cent moisture, and 
16, or 24 hours with husks on the ears at 14, 20, or 26° F. 1 
Duration 
of 
freez­
ing 
(hours) 
Temperature of freezing 
14" F. 20" F. ; 26^ F.. 
Moisture content ; 
of seed ; Mean 
Moisture content ; tlvioisture c on1 
of seed : Mean : of se ed 
50$^ : 40J5 ; 30fo : 50% ; 40fa : 30^ ; : 50% ; 40>i 
Fg seed of WF9 x M14 
0 72.4^/80.2 87.1 79.8^73.0 78.9 83.0 78.3 71.3 78.9 
4 50.7 63.2 72.4 62.2 65.2 72.4 87.1 74.9 69.0 81.4 
8 5-6 32.4 60.8 33.0 55.7 63'8 74.3 64.5 62.4 76.7 
16 0.0 5.6 39.2 15.0 29.8 46.8 61.4 46.0 56.4 61.7 
24 0.0 2.9 22.7 8.5 0.0 37.2 52.0 29.7 46.4 65.0 
Mean 25.7-/36.9 56.5 44.8 59.8 71-6 61.1 72.7 
39.7 58.7 
F2 seed of 0s420 x Y#22 
0 76.1^/81.4 76.1 77 •8^71.7 80.2 90.0 80.6 72.9 78.0 ' 
4 33.9 50.8 70.4 51.7 56.4 71.3 73.9 67-2 59.1 84.3 
8 7.0 19.3 37.5 21.3 45.6 55.0 70.1 56.9 50.3 70.0 ' 
16 0.0 9.9 12.4 7.3 5.8 38.6 47.9 30.8 45*6 66.6 
24 0.0 0.0 0.0 0.0 0.0 23.7 41.6 21.8 36.3 65.7 
Mean 23.4^/32.3 39.2 35.8 53.8 64.7 52.8 72.9 
31.6 51.4 
G-rand c / 
mean 24.6^/34.6 47.8 40.3 56.8 68.1 57.0 72.8 
35.7 55»1 
Probability 
Least significant differences in angles between any twoi 37^ 1% 
1/ Variety x moisture x duration x temperature means 8.2 10.8 
Variety x duration x temperature means 4.7 6.2 
Variety x duration means 2.7 3*6 
Variety x moisture x temperature means 3*7 4.8 
^ Moisture X temperature means 2.3 3*0 
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snglea of transformed germination data for F2 of WF9 x Ivil4 and 
'V22 harvested at 50, 40, or 30 per cent moisture, and frozen 0, 4, 8, 
4 hours with husks on the ears at 14, 20, or 26° F. 194?. 
Temperature of freezing; 
F. ; 20" F. ; 26^ F.. 
content ; ;Koisture content j ;lv;Oisture c ontent . Grand 
eed : Mean : of seed ; Mean : of se ed . Mean mean 
% : 30,^  : : 50% ; 40fo ; 30ji' : : 50fo : 40>2 30^ . 
^2 seed of WF9 x Ml4 
2 87.1 79.32/73.0 78.9 83.0 78.3 71.3 78.9 78.9 76.4 78.2^ 
2 72.4 62.2 65.2 72.4 87.1 74.9 69.0 81.4 77.6 76.0 71.0 
4 60.8 33.0 55.7 63.8 74.3 64.5 62.4 76.7 79.2 72.8 56.7 
6 39.2 15.0 29.8 46.8 61.4 46.0 56.4 61.7 73.9 64.0 41.6 
9 22.7 8.5 0.0 37.2 52.0 29.7 46.4 65.0 84.3 65«2 34.5 
9 56.5 44.8 59.8 71.6 61.1 72.7 78.8 
39.7 58.7 70.9 56.4 
F2 seed of 08420 x Yi22 
,4 76.1 77.8^71.7 80.2 90.0 80.6 72.9 78.0 
,8 70.4 • 51.7 56.4 71.3 73.9 67-2 59.1 84.3 
.3 37.5 21.3 45.6 55.0 70.1 56.9 50.3 70.0 
.9 12.4 7.3 5-8 38.6 47-9 30.8 45*6 66.6 
.0 0.0 0.0 0.0 23.7 41.6 21.8 36.3 65.7 
.3 39.2 35.8 53.8 64.7 52.8 72.9 
31.6 51.4 
.6 47.8 40.3 56.8 68.1 57.0 72.8 
35.7 55.1 
78.9 76.6 78.3^/ 
85.9 76.4 65.1 
77.3 65'8 48.0 
87.1 66.4 34.8 
72.1 58.0 26.6 
80.2 
68.7 50.6 
79.5 
69.8 53-5 
Probability 
iifferencea in angles between any two: 3% 1% 
ure X duration x temperature means 8.2 10.8 
ion X temperature means 4.7 6.2 
ion means 2-7 3-6 
ure X temperature means 3*7 4.8 
erature means 2.3 3*0 
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Table 18. Analysis of variance of transformed germination 
data for F2 sood of 17F'9 x iYil4 and 03420 x W22 
harvested at 50, 40, or 30 per cent moisture, 
and frozen 0, 4, 8, 16, or 24 hoars with husks 
on the ears at 14, 20, or 26° F. 1947. 
Source of variation Degrees of iiean 
freedom squai'e 
Ropllcatic jns 3 93.08 
Teniooratiiras 2 35,113.43 
Error A 6 48.36 
Dura Lions of freezing 4 28,558.03 
Temperatures x durations 3 4,232.05 
Error 3 36 37.92 
I/ioistures 2 18,213.62 
Moisture3 X temperaturos 4 214.45 
Moistures X durations 8 524.17 
M X T X T) 16 514.74 
Rrror C 90 26.08 
Varieties 1 3,070.67 
Varieties X temperatures 2 303.68 
Varietie s X durations 4 223.95 
Varie ties X moistures 2 133.65 
V X D X T 8 108.26 
V X te iTiperaturs  3  x M 4 407.33 
V X durations x M a 132.15 
V X T X D X M 16 117.38 
Error D 135 34.15 
Total 359 
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and anal;, sis of variance of fcho bransformod data, respective­
ly, for the F2 soed of \YP9 M14 and 03420 x V\'22 frozen in 
the autumn of 1947. The aaed was produced on Fi plants of 
WPG X M14 and 0s420 x ''J22 with open pollination, and the ro-
aulta aro therefore not directly comparable v/ith those pre­
sented for seed of ''i'p9 x M14 and 03420 x '.¥22 in Tables 10, 
11, and 12, Germination parcentaf^es for 26®, 20°, and 14° P. 
freezing are plotted in Figures 7, 8, and 9. 
The analysis of variance (Table 18) and Figures 7, 8, 
and 9 shov? the irtiportance of interactions involving tempera­
ture, duration of freezing, raoisture content, and variety of 
seed. The interactions again Impress tho importance of know­
ledge about the specific combination of these factors before 
making decisions on tho freezing injury that might occur to 
seed corn. 
Fg seed of Vv'FO x M14 v/as more tolerant than comparable 
seed of 0s420 x W22. Reductions in viability occurred v;ith 
various exposures at all tliroe temperatures. Seed with 50 
per cent moisture was, in general, injured by all exposures 
to 200, 20O, or 14° F, The one exception was seed from Y/F9 x 
M14 exposed for four ho^u's at 26° P.; in a comparable treat­
ment, seed from 0s420 x 'V22 v/as injured. Loss of viability 
in seed with 40 per cent moisture started with a 16-hour ex­
posure at 260 p., eight hours at 20° P., and four hours at 
14° P. Dama{3,Q to tho germination of seed containing 30 per 
cent moisture v/as confined to temperatures of 20° and 14° F. 
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Injury was consistently greater in 1947 than in 1946 when 
slmilsr freealnts treatments were made on the same variety of 
r.eed at the same moisture content. Germination percentages 
for F2 seed of \VF9 x Kl4 treated alike in 1946 and 1947 were 
taken from Tables 13 and 16 and are presented in Table 19 
for a coniparipon of the two years. A possible explanation for 
the difference in the two seasons will be presented in connec­
tion with the reaultfl on seed maturity. For the present, it 
is sufficient to say that the hot dry season of 1947 facili­
tated more rapid drylnf5 of seed on the ear in the field. 
Therefore, need with 50 and 40 per cent rnoiriture was physio­
logically less mature in 1947 and possibly more susceptible 
to injury than seed at the name moisture content in 1946. 
Table 19- Gornparison of germination percentage for F^ seed 
of IYF9 X M14 harvested at 50 or 40 per cent 
laolsture and frozen 0, 4, or 8 hours at 26, 20, 
or 14° F. in 1946 and 1947-
Temp. 
» » 
• « 
: T irne : 
Year and moisture content 
of seed when frozen 
: (hours) : 
• • 
• • 
1947 
50 
; 1946 
: 50^ 
; 1947 : 
: 40fi : 
1946 
40^ t 
26° F. 0 89.0 92.0 95.0 97.6 
4 87.0 95.2 97.0 98.4 
8 78.0 90.4 93.0 96.8 
•
 
o
 o
 
CV
J 
0 91.0 92.8 95.0 95-2 
4 82.0 91.2 88.0 96.0 
3 68.0 85.6 80.0 96.0 
•
 
o
 r
-
l 
0 90.0 94.4 96.0 96.8 
4 60.0 79.2 79.0 95.2 
8 2.0 44.0 29.0 90.4 
Mean 71.9 85.0 83.6 95.8 
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Heedlln.p; v ip;or 
Mean green weight per seedling top, cut at the ground 
level, war. obteined for the freezlni<5 trestinents on aeed 
of WI''9 X ]\',14 and 08420 x ^'22 in 1946 (Tsble 20). Only those 
plants cla^s^ifled es noriRsl, strong seedlings were included 
in the Trveishinge. In contrast to the renultr; with soaked 
seed, aecodling vigor wan aignificsntly reduced by the more 
severe freezing tre,?trfients. Where viability of the seed vfas 
seriously reducedj vigor of the aeedlinge .'jlrjo tended to be 
impaired. ReductionB in seedling vigor of frosted seed were 
also noted in the irnxiature materiel treeted in 1947» Further 
evidence of reduction in vigor r?; a result of froezinif, wan 
obtained on other experimenth:, to be reported later in this 
thesis. There did not appear to be any concintent difference 
in rate of emergence betv/een fronted and unfror.ted aeed. In 
general, the niore mature seed emerged a day earlier than the 
imraature. Conditions for germination were favorable and the 
seedlings emerged five or six days after planting in sand. 
Weak geedlin^a were counted in all experimentB when final 
germination counts were made. Percentages of v/eak aeedlint^a 
were greater in treatments ehowin,^ fiiore severe freezing 
injury than in the unfrozen checks or in treatments with 
relatively little injury (Table 21). TheBe data are repre­
sentative of the results from the other experiments. Figure 
10 BhowR the type of weak seedlingB frequently observed in 
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Table 20. Mean green weight In grama per seedling top grown from Fi se 
0s420 X V/22 harvested at 5^,40, or 30 per cent moisture, and f; 
or 16 hours at 14, 20, or 26® F. 1946. 
Duration! Temperature of freezing 
of ! 14^ .^ , 20" F. > ~ 26Q 
freez- ! Moisture content. jMolsture content . .[Moisture conti^ 
ing . of seed Mean ' . . ! Mean ! . gsQd. 
(hours) 50;$ ; 40% : 30fa'. \ 50% : 40fo : 30% ! 50% : 40> : 
Fi seed of WF9 x Ml4 
0 .71I/ .72 .77 .73^ •67 .73 .71 .71 .73 .73 .7 
2 .65 .74 .81 .73 .68 .73 •78 •73 •72 .72 .7' 
4 .56 .67 .80 .68 .56 .75 .80 .70 .73 .74 .8 
8 .45 .67 .81 .64 .52 .67 .75 .64 .72 .72 .7 
16 .25 .77 . 60 .50 .69 .77 .65 .70 .72 ,8 
Mean .57-/ .66 •79 .59 .71 .76 .72 .73 .7 
.68 .69 
^1 seed of 0B420 X \V22 
0 .75I/ .80 .86 .80^  .69 .81 .85 .78 .71 .79 .8 
2 . 66 .74 .92 •77 .71 .73 .88 .74 .80 .87 .8 
• 4 .71 .77 .92 .80 . 66 .75 .83 .74 .78 .86 .8 
8 .50 .61 .85 .67 .66 .75 .85 .75 .76 .87 .9 
16 .40 .84 .75 . .48 •73 .85 .68 .74 .92 .9 
Mean .66^ .72 .88 .64 .75 .83 .76 .86 .8 
.76 .74 
Grand p; / 
mean .61^ .69 .83 .61 .73 .80 .74 .79 .8 
.72 .71 
Probability 
Least significant differences in grams between any two: 5% 1% 
^ Variety x moisture x duration x temperature means.... .09 .11 i  0.1 -LC ^ UAW -Lou  LiX C? ^ U..t(X CtUJ.Wil ^ « u vax v-» ^ ^ ^ 
Variety x duration x temperature means «05 .07 
Variety x duration means *03 »04 
^ Variety x moisture x temperature means .04 .05 
•2/ Eoiature x temperature means *^ 3 .04 
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3n weight In grams per seedling top grown from Fi se ed of WF9 x and 
,V22 harvested at or 30 per cent moisture, and frozen 0, 2, 4, 8, 
lira at 14, 20, or 26° F. 1946. 
Temperature of freezing 
• 
• 
• 
F. 20" F. * 26° F. t 
content. Moisture content • .Moisture content .Grand 
eed Mean of seed . Mean • of seed Mean • mean 
% : 3O/0. ; 40fo : 30% • 
• 
; bo% : 40;;b ; 30fo « 
Fi seed of WF9 x Ml4 
.77 .732/ .67 .73 .71 .71 .73 .73 .77 .74 .73^ 
.81 .73 .68 .73 .78 .73 .72 .72 .77 .74 .73 
.80 .68 .56 .75 .80 .70 .73 .74 .82 .76 .71 
.81 .64 .52 .67 .75 .64 .72 •72 .77 .74 .67 
.77 .60 .50 .69 .77 . 65 .70 .72 .83 .75 .67 
.79 .59 .71 .76 .72 .73 .79 
.68 .69 
.75 .70 
Pi L seed of 0B420 X W22 
.86 - .80^  .69 .81 .85 .78 .71 .79 .87 .79 .792./ 
.92 .77 .71 .73 .88 .74 .80 .87 .89 .85 .79 
.92 .80 .66 .75 .83 .74 .78 .86 .88 .84 .79 
.85 .67 .66 .75 . 85 .75 .76 .87 .92 .85 .76 
.84 .75 .48 .73 .85 .68 .74 .92 .93 .86 .77 
.88 .64 .75 .83 .76 .86 .89 
.76 .74 .84 .78 
1 .83 .61 .73 .80 .74 .79 .84 
.72 .71 .79 .74 
Probability 
Lifferences in grams between any two; b% 
ire X duration x temperature means.. •• .09 .11 
.on X temperature means. .05 .07 
.on means *03 *04 
ire X temperature means. *04 .05 
srature means *03 *04 
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Table 21. Percentage of weak seedllngB in seed of WP9 x 
M14 and 0s420 x W22 harvested at 50, 40, or 30 
per cent moisture, and frozen 0, 2, 4, 8, or 16 
hours at 14°, 20°, or 26° F. 1946. 
Temp. Dura- ! 
tion 
(hours). 
WF9 X M14 ! 0s420 X W22 
Kolsture content . 
at harvest . 
Moisture content 
at harvest 
50^ 
o
 
O
 50;^  ; 40j? . 30% 
14° F. 0 0 1 0 0 0 0 
2 1 0 1 5 4 0 
4 7 3 1 12 11 0 
8 15 3 0 14-1 / 12 2 
16 5 8 6 
y 0 7 
20° F. 0 1 0 0 0 1 0 
2 0 1 0 1 0 0 
4 3 0 1 3 0 0 
8 8 1 0 14 5 1 
16 14 8 0 12 10 0 
26° F. 0 1 0 1 1 0 0 
2 0 1 0 0 0 0 
4 1 0 0 1 0 0 
8 0 0 0 2 1 0 
16 •9 0 0 1 1 0 
1/ All seeds were dead. 
frozen seed. Some seedlings were unable to emerge through 
the sand, and were not Included in the counts for weak seed­
lings. In some cases the coleoptile emerged but no leaves 
were produced; other seedlings developed one or two leaves 
and ceased further development. Seedlings were found with 
radicles but no plumules, and some with plumules but no 
radicles. 
Root syste^ns of the various treatments were examined for 
visible evidence of infection by ssnd-lnhabltlng or seed-borne 
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Flgure 10. Seedlings from frozen seed com. The seedling 
on the left was classified as normal and the 
other five seedlings were classed as weak or 
abnormal• 
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pathogens. V/ith plants clasalfled aa normal aeedllngra 
there was no noticeable difference between frosted and un-
froRted seed in tlie amount of infection. It was thus apparent 
that reductions in seedling weight of normal-appearing plants 
were primarily due to the effects of the freezing treatments. 
Some of the weak seedlings exhibited infected roots and 
seed remnants, although this condition was not consistently 
characteriotic. Seed treatments with New Improved Setnesan 
Jr. and Araaan did not improve the percentage of strong ger­
mination in a comparison of samples that were treated and 
untreated. In view of the favorable conditions for germina­
tion, it is felt that the seedling infection observed v/as a 
result of, rather than a cause of, weak seedlings in the 
froated lots. 
The associations of reductions in seedling weight and 
incresses in weak seedlings with a loss of viability on 
freezing suggest that the factors responsible for death were 
associated with a loss in vigor. The exact mechanism can not 
be determined from these data. Freezing injury was apparently 
not an all or none effect as was the case when soaked seed 
was frozen. Seeds were capable of various levels of germina­
tion and seedling growth, indicating that the degree or 
extent of injury to the protoplasm differed among the seeds. 
Reduction in seedling weight of normal-appearing plants may 
have been more a result of injury to the endosperm, and 
increases in abnormal seedlings may have resulted from injury 
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to the embryo. In all seeds examined. Ice was present In seed 
containing approximately 50 to 40 per cent molature and frozen 
eight to 24 hourg at 20*^ or 14° It was difficult to detect 
ice in seed with 30 per oent woifiture. Qcrr/iinrjtion tests 
showed that all of the seed was not killed even though ice was 
prenent in the seed, suggesting that the presence of ice was 
not an indication that the seed was dead. The progressive type 
of injury, from reduced vigor to complete death of the seed, 
3Ugg;e8ts an effect of intercellular ice formation with gradual 
decsication end irreversible coagulation of pi'^otoplasic. 
Abnormalities in which certain acedling parts failed to develop 
suggest localized killing in the embryo, perhaps by intracell­
ular ice formation which failed to spread throughout the seed 
as it seemed to do with soaked seed, /aiy attempts to observe 
the process of freezing within the seed and to differentis'te 
between inter- and intracellular cryetalllzation v^ould require 
examination of cut sections and can not be expected to provide 
a true picture of what actually happens in the whole seed 
during freezing. 
Seed maturity 
Percentage of moisture or dry matter in the grain is 
generally recognized as the standard inea3ure;uent of maturity 
in corn, although a better measurement of maturity uiight be 
the attainment of niaxlmura dry matter content per kernel. The 
term "seed maturity" ao u^jed in this thesis refers to the 
-72-
percGntRge of total dry matter accurculation in the kernel, and 
l3 Intended to indicate relative physiological maturity of the 
seed. Oven-dry weights of seed harvested at 65 to 40 per cent 
moisture were divided by the oven-dry weight of seed harvested 
at 30 per cent moisture. V-'ith increaaing dry matter in the 
need, protoplasmic changeo occur which way favor frost resist­
ance. jProperties of protoplasm that may be associated with 
increasing dry matter content are: higher cell sap concentra­
tion and "bound" water, increased quantities of non-aqueous but 
plastic substances such as protein, fat, oil, and starch. Thus, 
the protoplasm may be more viscous and resist Irreversible de­
hydration and cell contraction during freezing. 
Dry weight per 50 kernels and percentage seed maturity are 
presented for seed of WF9 x Ml4 and 0s420 x W22 in 1946 
(Table 22), for Fg seed of WF9 x Kl4 in 1946 (Table 23), and 
for Fg seed of WF9 x Hl4 and 03420 x Y^22 in 194? (Table 24). 
The two types of and F2 seed differed significantly 
In seed size, but apparently the larger seed size of 0s420 x 
l't'22 was not an advantage since it was injured more by freezing 
than \VF9 x Ml4. F2 seed was similar In appearance and shape 
to F]^ seed produced on inbred plants of V/F9 and 0s420. The 
two varieties responded in the same order of tolerance to 
freezing temperature, whether the seed was F]_ seed produced 
on inbred, parents or F2 seed produced on F^ plants. Both 
types of WF9 x f£l4 seed reached 50, -^<3, or 30 per cent moisture 
three to four days before the corresponding seed of 03420 x VV22, 
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•while the date of pollination or silking •';?ap spproximatoly the 
aarne for the two varieties. 
Table 22. Mean dry vfeight per 50 seeds and mean seed maturity 
of seed of r.'FQ x and 0o420 .x W22. 1946. 
Moisture Dry weight in grams : 3eed maturity in % 
content WF9 X : 08420 Differ­ • WF9 X : 0s420 : Dlffer-
of seed 
. .  % 
Ml4 : X iV22 
* 
ence 
• 
: 1V1I4 : X W22 
• • 
« • 
: ence 
50 10.2^ / 13.1 2.9 81.9^ 83.3 1.4 
40 11.6 15.1 3.5 93.6 95.4 1.8 
30 12.4 15.8 3.4 100.0 100.0 
Probability 
:>/,} i-fo 
1/ liBaet significant difference between any 
two means <33 gm. .44- gni. 
Least significant difference between any 
two mean!; 3'1% 4.1)^ 
Table 23. Mean dry weight per 50 seeds and mean seed maturity 
of Fg seed of 7i'?9 x lil4. 1946. 
• • 
idOisture content of seed ! Dry weight in ! Seed maturity 
at harvest % grams ! % 
65 5*66 ± .06 46.2 ± .49 
55 8.06 ± .07 65.9 ± .55 
50 9.09 ± .06 74.3 ± .52 
40 10.93 ± .08 89.3 ± .63 
30 12.24 ± .08 100.0 
There v/as no significant difference in seed maturity of 
the F-j^ seed of the two varieties, indicating that the varie­
tal difference in response to freezing temperature wan due to 
other factors. Seed produced on plants of the two varieties 
in 1947 showed a highly slgnificsnt difference in seed maturity. 
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Seed produced on 0H420 X iV22 plants had & higher percentage 
of totel dry ruattsr accuiiiulated (greater iiiaturity) at 50 or 
40 per cent moiabure, y6t it WSB significantly inore injured 
by freezing than lvF9 x Ml4. In a study of relaLive tolerance 
Table 24. ¥ean dry weight Der 50 seeda and mean seed maturity 
of ^2 08420 X \Y22. 194?. 
?.:oisbure 
content 
of seed 
Dry w9lp;ht in fiirams Seed maturity In ^  
WF9 x: 0a420 :Differ-
1114 : X W22 :enoe 
• • 
1VP9 X ;0a420 
K14 :X V/22 
• 
Diff. 
50 7.594.08 9.07^.09 1.48*"^ 66.7i.73 71«2i.72 4.5-'^''>-
40 9.52±.98'11.474-07 1.95'^ "'' 83.7+.76 90.0a:.56 6.3-'^ ^^  
30 11.374.09 12.75±.09 1.38«-«^ 100.0 100.0 
•''"'^Significant difference at 1% level of probability. 
to freezing temperature of a group of inbred lines, however, 
a highly significant correlation was I'ound between seed 
maturity and tolerance. The more mature inbreda, aa measured 
by percentage of total dry matter accumulated in the seedi 
tended to be more tolerant to freezing te;-nperature. The lack 
of agreement In the two experiments suggests that factors 
other than dry matter accumulation and moisture content may 
be Important in tolerance of the seed of different varieties 
to the same freezing conditions. 
Freezing injury to ^2 seed of VVF9 x Ml4 was more severe 
In 1947 than In 1946 (Table 19)• A possible explanation for 
this difference can be obtained from a comparison of Tables 
23 and 24. £>eed produced in 1947 was more imnmture than In 
1946 at the Bai-oe moiotury oontent, as indicated by the lowei' 
perceritfige of tot^il dr;y matter acouraulsted at 5^^ and 40 per 
cent laoi«ture. Further evidence tbet 1947 seed waa ir.ore Iki-
liisture at the sDve iuoi;;ture content Is shown in Table 25 which 
gives the mean seedling weigVits froin unfroiien aeed harvested 
50, 40, or 30 per cent inolRLure in t.}:ie two years. For this 
I'able 25' Mean green weight in grams per seedling top grov/n 
froiri unfrozen Fg seed of vrF9 x Ml4 harvested at 
50, 40, or 30 per cent niolature in 1946 or 1947. 
Moisture 
content of 
aeed at 
harverat 
Year seed waa 
• 
produoed : 1947 
1946 : 
Weight in ! V 
grains : 
1947 • 
'eight in • 
grsiiiG • 
1946 
50^ • 55^ ' • 38 6 9 . 1  
405^  .84 .55 65.5 
30:i^  .92 .75 81.5 
I^ean .77 .56 72.7 
!_/ Least significant difference "between any two meann in 
body of table = .04 gramB at 5/" level 
.06 grams at \% level 
comparison seed from both seaaone was planted in the green­
house in sand at the same time. J3eedl3ng vigor of 1947 seed 
v;as significently leas than the vigor of 1946 seed. The very 
dry season of 1947 was conducive to more rapid drying of the 
seed in the field, so that although the seed contained the 
sanse moisture content as in 1946 it was actually at a more 
inrmature stage of development and more susceptible to the 
same freezing conditions. Leaves of the plants were beginning 
to dry when tno seed containing 30 per oent moiBture was henrested 
in 19'V7, so it lis asaunied that very little further translocation 
o.L food insterlal to the aeed would have occurrod. Seed with 
30 per oc?nt inoipture in 19^7 was only 7«1 per cent lighter in 
\veight than 19^6 seed, but there was 19.5 per cent difference 
in seedlirig vvBi;f,ht; indlcatiag that the quality as well as the 
quantity of endonpenn reBerveR may have differed in the two 
years. 
iCernel development at the same ffioisture percentage may 
differ, depending on weather conditionG and on the particuljar 
variety involved. Virhile inol.gture content of the pieed is an 
importent fsctDr influencing the degree of freezing injury, 
the stage of kernel development and probably other factors not 
apparent in these results are also important. 
A study was made of the distribution of moisture and dry 
n;atter content in various ear and kernel parts of Fg seed of 
0s420 X 1V22 and vVF9 x Ml4 in 194? (Tables 26 and 2?). Studies 
of moisture distribution in the kernel were troublesome due to 
difficulty in obtaining samples at the same moisture content 
from different varieties- A nuirxber of ears were checked, and 
the data presented were selected from the results to represent 
co!i:parable moisture conbenta for the two varieties. 
Ears of OS420 X 1V22 had more husk protection (Table 26) 
8.8 measured by green and dry weiglit of husk, by dry weight of 
husk per kernel, and by dry weight of husk/dry weight of grsin. 
Yet 0B420 X W22 ears were more susceptible to freezing injury. 
Table 26. IVLOisture and dry n.stter content of various ear parts 
of open-pollin?ted ears of WF9 x Ml4 and 0s420 x W22. 
(Lean of six and four ears, respectively.) Ip^T* 
« 
t  
• 
^^^9 X m4 
'"f  •• 
• 
: 0a420 X Vv22 
• 
Green weight of ear plun huak gm. 305 352 
Green welgt^t of husk gin. 29 59 
Dry weight of husk gm. 11 20 
hioisture content of huek cv 62.0 66.1 
Green weight of cob gm. 98 86 
Dry Vs'eiglit of 00b gm. 30 31 
f-roisture content of cob 69.4 64.0 
Green weight of tP^-ain gm. 184 203 
Dry weight of grain gm. 92 98 
iVoisture content of grain ?'•> 50.0 51.7 
Number of kernels per ear approx. 590 50 8 
Dry weight per kernel gin. •1558 .1928 
Dry weight of husk per kernel giti. .0187 .0593 
Dry weight of husk/dry weight 
of grain giii. .1195 .2041 
Both varieties had 10 to 12 husk leaven per ear, ao the diff­
erence con not be explained by the relative number of air layers 
protectinf-i; the seed. No temperature readingt-i under the husk 
v/ere obtained on these two varieties, but data obtained on 
Inbred lines (Table 9) showed no appreciable difference in 
temperature under the husk of inbred II^IOB thot differed in 
freezing tolerance and in tig'atnesa of husk. 
Oornpared with \'iF9 x K14 (Table 27) the kernel of Oa420 x 
W22 was larger, the pericarp was greater by weight and by 
percentage, the embryo wan larger and contained o slightly 
higher nioisture content when the grain v;as at 5^ per cent 
liioiature. The thicker pericarp of 03^20 x V/22 seed wa,a 
-78-
apparently not an effective barrier sgsinst freezing injury. 
On the contrary, it may have provided a lorger area for more 
rapid ice crystsllizotion since the pericarp was much higher 
in moisture content than the endosperm. Greater susceptibility 
of 0s420 X W22 may have been due to a lees favorable size and 
moisture relationship of embryo to endosperm, but the data 
are not extensive enough for definite conclusions. Attempts 
Table 27• Moisture content, dry weight, and percentage of 
various kernel parts of Fg seed of x El4 and 
0s420 X W22 at two stages of maturity. 1947. 
i • '  " "  I . , 1 1 ^ . 1  I — • • • . . . . y , ,  v,—... ,I . . . . .  
« • • • 
: Entire JPericarps Embryo : Endosperm 
; kernel : : : 
Koisture content % 
( 1 )  0 a 4 2 0  X ^V22 50.18 
( 2 )  \KF9 X M14 49.50 
( 3 )  0 s 4 2 0  X  W 2 2  3 5 - 5 6  
( 4 )  W F 9  X  1 ^ 1 4  3 6 . 8 7  
Dry weight In grams 
( 1 )  0 s 4 2 0  X W22 .1862 
( 2 )  W F 9  X  M 1 4  . 1 5 8 0  
( 3 )  0 3 4 2 0  X  W 2 2  . 2 4 2 4  
( 4 )  W F 9  X  M 1 4  . 1 9 5 9  
Percentage dry weight 
( 1 )  0 S420 X VV22 100.00 
( 2 )  W F 9  X M14 100.00 
( 3 )  0 s 4 2 0  X  W 2 2  1 0 0 . 0 0  
( 4 )  m  X  K 1 4  1 0 0 . 0 0  
64.00 
68.26 
50.57 
52.29 
.0214 
.0116 
.0254 
.0123 
11.51 
7.34 
10.50 
6.28 
60.57 
56.26 
49.65 
48.86 
.0204 
.0157 
.0335 
.0238 
10.95 
9.93 
13'86 
12.15 
44.98 
44.55 
30.79 
31.30 
.1444 
.1307 
.1835 
.1598 
77.54 
82.73 
75-64 
81.57 
to explain differences among inbred lines differing in tol­
erance to freezing temperature on this basis were unsuccess­
ful. Thus, it appears that the problem of varietal differ­
ences in frost injury is very complex, but the results suggest 
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that properties of the protoplanra enable some varieties to 
withstand freezing better than others. 
Rate of Freezing and Thawing 
Levitt (29) reviewed the literature in which the rate 
of freezing and the rate of thawing plant tisBues have been 
Investigated. Several casea were reported where a sudden 
drop in temperature Increased the frost Injury. Intra­
cellular ice formation was thought to occur following strong 
undercooling, thus increasing the injury. The majority of 
Investigations on the influence of the rate of thawing have 
failed to show an effect on frost injury. In most cases 
where an effect was found, artificial conditions were used 
and the rates of thawing were more rapid than are likely to 
occur in nature. 
This study was undertaken to determine if rate of 
freezing and thawing affect the degree of injury to seed corn. 
Open-pollinated ears of 0s420 x W22 were frozen eight hours 
at 20° F., with husks on the ears, when the seed contained 55» 
50, or A-5 per cent moisture in 19^+7• A relatively fast rate 
of freezing was attained with ears cooled to 35° F* before 
freezing, and a slower rate of freezing was obtained with 
ears warmed to room temperature before freezing. All ears 
were in the freezing chamber nine and a half hours, since it 
required approximately one and a half hours for the air 
temperature to reach 20® F. Glow thawing consisted of 
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allowlng tlie eers to thaw in a ^5° cool room for eight hours. 
Fast thawing coneisted of three treatments: one lot wan allowed 
to thaw at room tempersture (approximately 75'^ F*), another 
lot was thawed in the sun at 80° ?., and another lot was 
thawed in warm water at 110° F. A sample of unfrozen earn was 
placed in the 7;arra water to determine if the water affected 
the germination. All treatments were with unhusked ears-
G-erminatlon renults are presented in Tables 28, 29, and 
30. slow freezing gave a significantly higher germination 
than rapid freezing. The difference is believed to be due to 
the fact that seed on ears with slow freezing was actually 
exposed to a shorter period of freezing temperature. The ears 
contained more heat when' they entered the freezing clianiber and 
would tend to remain longer at a temperature above freezing. 
Temperature of the pre-cooled ears probably dropped iiiore 
rapidly to freezing and the ears were, therefore, frozen for 
a longer time. Under field conditions, less frost injury to 
seed corn may occur after a warm day in v/hich the ears, plant, 
and soil are at a relatively high temperature than after a cool 
day. 
Rate of thawing had no significant effect on the degree 
of injury. The temperatures and conditions used in thawing 
are believed to represent a wide enou^ range to indicate 
that germination of frosted seed corn is not affected by 
rates of thawing likely to occur in the field after a freeze. 
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Table 2n. T enn germination pereentpge for Pg need of 0s420 x 
v.'22 1;Tarveoted at 55, 50. or 45 per cent moir.ture, 
and frozen 8 hours at 20° P., with husks on ears, at 
.slow or fa?!t rates of freealng and with olow or 
fant rates of thawing. 194?. 
I': oir/ture : '-'^ low freeze t Past freeze 
Unfrozen, 
check 
: 750P. :45op. ;75OF. ; 
'-•^agt 5 Glow! Par^t: 
:thaw : thaw: thaw t 
45^P. tr/arin ; 
Slow swater: 
thaw :thaw : 
Thawed 
in 
sun 
in 
warra 
water 
I./.ean 
55 
50 
45 
53.0 56.0 25-0 
63.0 67.0 48.0 
79.0 81.0 64.0 
26.0 25.0 
45.0 46.0 
67.0 62.0 
26.0 
51.0 
66.0 
89.0 
92.0 
97.0 
42.9 
58.9 
73.7 
Kesn 65.0 68.0 45.7 46.0 44.3 47.7 92.7 58.5 
Table 29 iViean in anglee3 of transformed 
rate of freezing and thawing. 
gerninstion data on 
1947. 
Ko i a, ture :Slow free/.e • Pa.st freeze 
Unfrozen 
check 
* 
1 
.J"/ :750F. :A50F. :750F-
cpPF.t :n;low :Past 
:thgw .'thaw :thaw 
:45°F. s vVarm 
:3low !water 
:thaw ."thaw 
*.T?iaw9d 
; in 
: sun 
in 
warn; 
water 
; fee an 
» 
« 
55 
50 
45 
46.8-/ 48.5 29.8 
52.8 55.1 44.5 
62.9 64.4 53.3 
30.6 30,0 
42.2 42.7 
55.5 52.1 
30.6 
45.5 
54.5 
71.3 
75.8 
83.0 
41.1 
51.2 
60.7 
Lie an 54.2-/56.0 42.5 42.6 41.6 43.6 76.7 51.0 
Probability 
5^ 1% 
\/ Least significant differences in angles 
betv/een any two treatment x moisture rueans 
in body of table 7*2 9*5 
2/ Lsnnt siOTific<?nt differences in anp^los 
between any two treatment means 4.1 3*5 
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Tsble 30* AnalysiB of variance of transformed germination 
dste on rate of freezing end thawing. 19'^7' 
Degrees of He an 
Source of variation freedom square F 
Replications 3 28.89 1.1 
Koiotures 2 2,704.82 106. l-'"' 
55!^  vs. 50^t 1 1,442.32 56.6''--''-
50^ vs. 45?. 1 1,264.-45 49.6<'-'^  
Treatments 6 1,964.61 7Y.0II<;-
Slow freeze vs. 
fast freeze 1 1,886.26 Y4.0-!;-V> 
Plow thaw vs. 
fast thaw 1 11.31 
laoiBtures x treatments 12 31.42 1.2 
Error 60 25.50 
Total 83 
•^^'^Significant at the \% level of probability. 
Repeated I^Veezing and Thawing 
The first killing frost of autumn may be followed by 
freezes on succeeding nighta. in 1947, an experiment was 
conducted to determine the effect of repeated freezing and 
thawing on the viability of froeted need corn. 
Open-pollinpted eara of 0eA20 x V/22 were harveated at 
55, 50, and 45 per cent raoisture and frozen at 20^^ F. with 
huakn on the earn. Gix treatments were made: 24 hours 
continuous freezing, eight-hour freezes on three succeeding 
dsyn, four-hour freezes on six succeeding days, one freeze 
of eight hours, one freeze of four hourn, and an unfrozen 
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check* V.'hen the ears were not in the freezing chaniber they 
were kept in the cool room with e relative liuuildity 
of 90 per cent or higher during the alx days required to 
complete the freezing oT,)er3tion2. L^oisture sampler, for all 
trestmenta were taken on individual ears after the lest 
treatment was completed. 
Tables 31j 32, and 33 present the mean germination per­
centages, meant? in angles for the transformed data, end the 
analysis of variance of the transformed data for tlrio experi­
ment. A continuous 24-hour exposure to 20° F. v^as Gignlfl-
cantly more injurious to viability than repeated exposures 
of eif^t and four hours. Vvlth shorter periodo, the seed 
under the husk was undoubtedly subjected to a shorter total 
o 
exposure to 20 F., because of the lag between air temperature 
and seed temperature. Repeated freezes of eight end four 
hours gave a highly significant reduction in gormination, 
but the total effect of the first freeze was not repeated on 
each subsequent freeze. For instance, one freeze of eight 
hours on seed at 45 per cent moisture reduced the gerraination 
25 per cent, while two additional freezes produced p further 
decrease of only 24 per cent. Some drying may have occurred 
after the first freeze, thereby reducing tae injury on the 
following freezes. These data indicate th^t the first killing 
frost may be more injurious than subsequent freezes of the 
same intensity, and emphasizes the iiaportance of duration of 
freezing temperatures. 
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Teble 31* f/csn germination percentage for F2 ^^ced of 
0s420 X \''22 hsrvested at 5 5 ,  50, or 45 per cent 
moisture, and given various freezing treatments 
at 200 1947. 
. .  I .  .1 J l ,--^ 
•  
Koisture: Treatment 
. . .M-
•  
% :24 hrs. : • « •  * » t  •  •  
:contin-:8 hrs. :8 ?irg.;4 hrg. :4 hrs. :Unfrozen:lwean 
: uous :3 tirr.es: once ;6 times:once : : check : 
55 0.0 6.0 33.0 49.0 59.0 93.0 40.0 
50 0.0 12.0 50.0 57.0 73.0 95.0 47.8 
45 2.0 53.0 72.0 73.0 81.0 97.0 63-0 
Mean 0.7 23-7 51.7 59.7 71.0 95.0 50.3 
Table 32. Mean in angles of transformed germination data on 
repeated freezing and thawing. 1947* 
T^oisture Treatment 
• 
4 
• 
24 hrs.; 
contin­
uous 
8 hrs. 
3 
times 
• 
« 
:8 hrs. 
: once 
* 
• 
:4 hrs. 
;6 times 
:4 hrs. 
:once 
• • 
:Unfrozen 
: check 
• 
• 
:Kean 
• 
55 
50 
45 
o.ol/ 
0.0 
5.8 
12.1 
19.7 
46.8 
35.0 
45.0 
58.3 
44.5 
49.1 
59.0 
50.3 
59.0 
65-2 
75.1 
78.9 
78.9 
36.2 
41.9 
52.3 
l.iean 1.9-/ 26.2 46.1 50.9 58.2 77-6 43-5 
Probability 
5fo 1% 
Least significant differences in angles 
between any two: 
1/ treatment x moisture means 8.3 11.0 
2/ treatment means 4.8 6.4 
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Table 33. Analysis of variance of transformed pjorminat ion 
data on repeated free zinp, and thav/i ig. 1947. 
Source of variation Degrees of Mean 
freedom square 
Replicati ons 3 40.57 
Moistures o K, l,607.a0 
Treatments 5 8,330.39 
Moistures x treatments 10 154.67 
Error 51 33.75 
Total 71 
Rate of Drying After Freezing 
After a premature freeze in the field, the seed producer 
often is eager to liar\'"e3t seed corn becau.3a ho fears another 
freeze rnaj occur and furthojr injure the crop. The purpose of 
this 3tudy vms to determine if fr^ozen seed corn might recover 
aomewhat from freezing injury if allowed to dry slowly in the 
field instead of being dried quickly in the seed-corn drier 
soon after freezing. 
The enzymes of a frozen tissue tend to be leas injured 
than the more complex protoplasmic structures (26). If some 
of the survivinr, enzymes effect protoplasmic repairs or 
continue noriaal ripeninj_'. processes in the injured but still 
partially viable gi'ain, seed quality ini^-^ht be expected to 
iinprove durin'j, slov/ drying. 
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Open-polllnated ears from aingle-croGs plants of 03^20 x 
W22 wore haryasted in 1947 at 55, 5^, or 45 per cent iiiolsture, 
and frozen eight hours at 20° F. with husks on the ears. 
Moisture content of the grain of each ear was determined 
from a sample cut from the tip of the ear. One group of ears 
was placed in a aeed-com drier within 12 hours after thawing; 
another group was allowed to dry slowly with husks attached 
to the ears in front of an open window in a shed. Six to 
eight ears within + 1 per cent of the desired moisture were 
shelled by hand and bulked for each treatment. Germination 
tests were made in sand approximately two months after freez­
ing. 
Slow drying of frozen seed resulted in a higher germina­
tion percentage for the three moisture contents (Tables 34 
and 35). The mean increase was 20.3 per cent, a highly sig­
nificant difference. The protoplasm of the seed is undoubtedly 
in a very sensitive condition after freezing and its subsequent 
treatment may determine whether or not it survives. During 
freezing the protoplasm is dehydrated as a result of ice 
formation; another quick dehydration of the protoplasm soon 
after thawing by drying in a seed-corn drier may result in 
fatal injury to some seeds that might survive with slower 
drying. Other workers, according to Levitt (29), have reported 
that injury to frosted plant tissxie may increase or decrease 
depending on conditions after thawing. 
A freeze severe enou^^ to injure the germination of seed 
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Table 34. Mean gerrninatlon percentage and. mean in angles of 
tronaforined gerrainstlon data for P2 seed of 
0S420 X Vi'22 harvested at 55, 50, or 45 per cent 
moisture, frozen 8 hours at 20° F., and dried at 
alow or fast rates. 1947* 
Germination percentage Angles 
Moisture 
e/ ;o 
Drying rate • L;ean Iviointure 
% . 
Drying rate :Mean 
: Fast : Slow : Past : Slow 
55 35.0 52.0 43.5 55 36.2^ / 46.2 41.2 
50 44.0 68.0 56.0 50 41.6 55^ 6 48.6 
45 59.0 79.0 69.0 45 50.2 62.9 56.6 
Mean 46.0 66.3 56.2 Mean 42-6 54.9 48.8 
Xj Least significant differences in angles between 
any two moisture x drying rate means In "body of 
table = 5*9 at 5% level 
8.1 at 1% level 
Table 35* AnalysiB of variance of transformed germination 
data on rate of drying after freezing. 1947-
source of variation 
Degrees of 
freedom 
Mean 
square 
F 
Replications 3 8.91 
iVoiatureg 2 473.78 31.2'5-i:-
55^  vs. 50?:; 1 219.04 14.4^ =-"-
50?5' vs. 45^  1 255-20 16.8''"^ * 
Drying rates 1 901.60 59. 
Ivioiatures x drying rates 2 8.26 
Error 15 15.19 
Total 23 
•'•^Bignificant at the 1% level of probability. 
-38-
corn would be certnin to kill the foliage of tVie plant. 
Further translocation of food material to the seed would ceaae 
and the aeed would dry slowly if allowed to remain in the 
field. The seed-corn producer might Improve the germination 
of his fronted seed by leaving the crop in the field for 
some time after freezing providing still more severe freezing 
was not encotintered. Early killing frosts are frequently 
followed by periods of warmer weather in which considerable 
recovery of viability could occur. 
Effect on Dormancy 
Sprague (53) reported that immature seed in the fresh 
condition was very slow and irregular in germination until 
the moisture content of the seed wan reduced to 25 per cent 
or lower. Attempts to break the dormant condition of fresh 
grain by soaking in sodium thiocyanate or hydrogen peroxide 
were ineffective. Removal of the pericarp and storage under 
increased oxygen pressure were also ineffective unless a loos 
in moisture occurred. In contrast, premature sprouting of 
kernels on ears of corn in the field may be rather prevalent 
during the autumn after a killing frost. 
A study was undertaken to determine if freezing temper­
ature has an effect on the dormant condition of freshly 
harvested immature seed. Open-pollinated ears from WF9 x KlA 
plants were harvested when the seed contained approximately 
40 per cent moisture, and frozen 0, 2, 4, 8, or 16 hours at 
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20° F. Moisture content of the seed of each ear was deter­
mined and ears with seed containing 40 1 2 per cent moisture 
were shelled by hand and bulked for each treatment. Shelled 
seed was spread in a thin layer after freezing and allowed to 
dry at room temperature until planted. A sample of the seed 
of each treatment was planted in sand with four replications 
of 25 seeds per plot 1, 3» 5, 7, and 9 days after freezing. 
Seedling emergence was counted daily on all plots. 
Percentages of total emergence for the five treatments 
at each planting date are presented in Table 36. Data for 
the first two plantings are plotted in Figures 11 and 12. 
Frosted seed emerged more rapidly than unfrosted when the 
seed contained more than 19.1? per cent moisture at planting. 
Freezes of two to eight hours at 20° F. did not injure the 
germination of seed containing approximately 40 per cent 
moisture when frozen, but the l6-hour freeze did reduce the 
germination. When the seed had dried to approximately 11 
per cent moisture (seven days after freezing) there was no 
appreciable difference in rate of emergence between frozen 
and unfrozen seed. 
The data indicate that freezing affected the dormancy 
of fresh seed. Since enzymes are generally considered to 
be asnociated with the protoplasm, it appears that dehydra­
tion of the protoplasm during freezing might affect the 
enzymes in a manner which favors more rapid germination of 
the seed in the fresh condition. Protoplasm dehydration 
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Table 36* Per cent total emergence at various days after planting froze ^  
Dura­
tion 
at 
20° P. 
(hrs.) 
cjf /c 
moisture:emergence;Final 
when : 16 dayn :germ» 
planted : after ; % 
:pianting : 
Days , 
Per cent ^ 
Planted 1 ( 
10 11 12 13 14 1? 16 17 
0 39.77 3.4 83 0.0 0.0 0.0 0.0 0.0 3.4 3.4 10.3 
2 39.75 14.0 85 0.0 2.3 2.3 2.3 5.9 11.6 14.0 30.2 
A 40.31 15.1 84 0.0 5.7 6.8 10.2 10.2 11.4 15.1 29.5 
8 41.36 19.3 87 0.0 1.1 3.4 3.4 6.8 11.4 19.3 35.2 
16 40.76 18.0 57 0.0 1.6 3.3 4.9 6.6 9.8 18.0 27.9 
PLANTED 3 
9 10 11 12 13 14 15 16 
0 36.75 39.8 79 0.0 6.3 8.4 15.7 24.1 25.3 30.1 39.8 
2 36.49 40.2 83 0.0 4.6 4.6 12.6 20.7 25.3 33.3 40.2 
4 36.15 53.4 85 0.0 6.8 11.4 20.5 28.4 30.7 40.9 53.4 
8 35.60 71.3 78 0.0 7.5 12.5 26.3 41.3 51.3 61.3 71.3 
16 35.27 59.6 48 0.0 5.8 11.5 19.2 38.5 46.2 57.7 59.6 
PLANTED 5 
9 10 11 12 13 14 15 16 
0 21.12 77.5 86 0.0 0.0 0.0 15.7 41.6 53.9 70.8 77.5 
2 20.34 81.0 81 0.0 0.0 3.6 27.4 51.2 59.5 76.2 81.0 
4 19.45 78.4 87 0.0 0.0 0.0 22.7 40.9 60.2 69.3 78.4 
8 19.43 80.5 84 0.0 4.6 4.6 28.7 55.2 63.2 74.7 80.5 
16 19.17 94.3 65 0.0 0.0 0.0 28.6 60.0 72.9 88.6 94.3 
PLANTED 7 
7 8 9 10 11 12 13 14 
0 11.12 100.0 95 0.0 20.6 49.5 74.2 95.9 96.9 99.0 99.0 
2 11.86 100.0 89 0.0 28.3 56.5 70.9 96.7 97.8 100.0 100.0 
4 11.07 100.0 88 0.0 25.0 52.2 77*2 89.1 90.2 95.7 96.7 
8 10.44 100.0 87 0.0 26.7 52.2 70.0 97'8 98.9 98.9 98.9 
16 10.88 100.0 61 0.0 25.3 55.7 72.2 96.2 98.7 100.0 100.0 
PLANTED 9 
5 6 7 8 9 10 11 12 
0 9.68 100.0 99 0.0 31.0 76.0 86.0 97.0 99.0 99.0 99.0 
2 9.77 100.0 98 0.0 42.4 80.8 92.9 97-0 91*0 99.0 99.0 
4 9.25 100.0 95 0.0 41.1 79.6 88.8 92.9 96.9 96.9 96.9 
8 8.90 100.0 91 0.0 42.6 78.7 89.4 93.6 96.8 96.8 96.8 
16 8.94 100.0 69 0.0 40.5 78.5 82.3 89.9 92.4 96.2 96.2 
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days after planting froze -n and unfrozen F2 of \VF9 x Ml4. 
I>sys after planting 
Per cent of total emergenoa 
Planted 1 day after freezing 
13 14 15 16 17 18 19 20 21 22 25 28 31 35 
0.0 0.0 3.4 10.3 14.9 35*6 37«9 50-6 60.9 72.4 87.4 93.1 100.0 
2.3 5.9 11.6 14.0 30.2 36.0 53.5 64.0 68.6 73.3 81.4 91.9 100.0 100*0 
10.2 10.2 11.4 15.1 29-5 34.1 50.0 60.2 69.3 72.7 83.0 92.0 96.6 100.0 
3.4 6.8 11.4 19.3 35-2 21-3.2 65.9 78.4 86.4 89.9 95.5 97.7 
4.9 6.6 9.8 18.0 27.9 41.0 6^.9  70 .2  73 .8  75 .4  82.0 83.6 88.5 100.0 
Planted 3 days after freezing 
12 13 14 15 16_ 17 IB 19 20 23 26 29 33 
15.7 24.1 25.3 30.1 39.8 55.4 66.3 74.7 78.3 83.1 89.2 95.2 100.0 
12.6 20.7 25.3 33.3 40.2 58.6 65.5 67.8 78.2 87.4 96.6 100.0 100.0 
20.5 28.4 30.7 40.9 53.4 67.0 80.7 88.6 93.2 95.5 96.6 300.0 100.0 
26.3 41.3 51.3 61.3 71.3 82.5 85.0 93.8 93.8 98.8 100.0 100.0 100.0 
19.2 38.5 46.2 57.7 59.6 76.9 82.7 84.6 84.6 92.3 96.2 100.0 100.0 
Planted 5 days after freezing: 
12 13 1^ !^  ~ 15 16 17 18 19 20 23 26 ~ 
15.7 41.6 53.9 70.8 77.5 S7T7 930 953 97.8 100.0 100.0 
27.4 51.2 59.5 76.2 81.0 88.1 95.2 100.0 100.0 100.0 100.0 
22.7 40.9 60.2 69.3 78.4 85.2 90.9 96.6 97«7 100.0 100.0 
28.7 55.2 63.2 74.7 80.5 85.1 87.4 94.3 97-7 97.7 100.0 
28.6 60.0 72.9 88.6 94.3 98.6 98.6 100.0 100.0 100.0 100.0 
Planted 7 days after freezing 
10 11 12 13 14 15 
74.2 95.9 96.9 99^ 0 99.0 99.0 100.0  ^
70.9 96.7 97.8 100.0 100.0 100.0 100.0 
77.2 89.1 90.2 95.7 96.7 97.8 100.0 
70.0 97«8 98.9 98.9 98.9 98.9 100.0 
72.2 96.2 98.7 100.0 100.0 100.0 100.0 
_ _ _ _ _P1 anted 9 days after freezlnpt 
8 9 10 11 12 ' 13 16 
86.0 97-0 99.0 99T0 99TO 99.0 100.0 
92.9 97.0 97*0 99.0 99.0 99.0 100.0 
I 88.8 92.9 96.9 96.9 96.9 96.9 100.0 
89.4 93.6 96.8 96.8 96.8 96.8 100.0 
. 82.3 89.9 92.4 96.2 96.2 98.7 100.0 
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by freezinjs may produce a ohyniologicsl change Elmllar to 
dehydrBtion by drying, thereby hastening the germination of 
the seed. 
Some of the premature nproutlne of kernels on the ear 
may result from freezing temperature. Hov/ever, a freezing 
treatment does not appear to be a practical solution to the 
probleu! mentioned by bpra^ue (53) s in which it Is often 
necessary to plant greenhau!?e-grown corn BOon after harvest. 
While two to eight hours' freezing at 20° F. did hasten the 
rate of seedling emergence and did not injure viability, 
35 <3ays were required to complete ©mergence v/hen the seed 
contained approxiiuetely 40 per cent moisture at planting. 
Ninety per cent or more of the need had emerged nine days 
after planting when the seed contained approximately nine 
per cent rrioiature at planting. Drying the seed to ten per 
cent or less moif?ture before planting would give Kore rapid 
and regular germination. 
Yield of G-rain From Frozen and Unfrozen Seed Corn 
In several experiments, significant reductions in seed­
ling vigor were found as a result of freezing injury to the 
seed. Immature seed was alBO significantly lower in seedling 
vigor than mature seed. A yield test was conducted in 19^ 7 
to determine if the redactiona in seedling vigor would 
influence yields of grain in the crop grown from frosted and 
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iininnture fieed. 
Slnsle-croea need of Vi'22 x VF"9, 0s420 x \V22, Vi'F9 x 
0s420, pnd \¥F9 x W22 from the experiment to be dlBCUsoed 
later was uped. Earn were hprves'ted in 1946 when tlie seed 
contained 50, 40, or J)0 per cent moloture snd were given the 
three free^ inis trestnienta: (A) fro^ ien eight houra at 20^  F. 
with husks on the eprs; (B) frozen eight hours ot 20*^  F*. 
without husks on the ears; and (C) unfrozen check. Germina­
tion percentages (Table 57) were obtained from tests con­
ducted In sand. There were nine tre&tnionts for each of the 
four single crosses, making 36 treatments in the experiment. 
The yield test was planted at the Agronomy Farm in a split-
plot design vjith four replications of single row plots ten 
hills long, r-ufficient seed (up to ten kernels per h:Ill in 
the lov; gemilnation treatments) was planted to assure a 
uniform stand. All plots were thinned to three plants per 
hill. The experiment was planted on June 9 and harvested on 
November 8. Drought conditions prevailed during a major 
portion of the gr'owing season and yields were low. Plants 
from the niore immature seed were not as vigorous as those 
from mature seed during the early part of the season, but no 
difference in vigor was apparent at tassellng time. 
Table 37 presents data obtained on the yield test, and 
the analysis of variance of field weights is given in Table 
3B. There were no significant differences in any of the 
treatments. Adverse growing conditions may have over-shadowed 
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Table 37• Asronomlc data obtained on four aingle-croaG 
hybrids grown from seed harventad al '^•0, or 
30 per cent nioltiture and given three different 
treatments. A = froaen 8 hours at 20^ F. with 
husks on the ears? B = frozen 8 hours at 20° F. 
without hur:ks on the earp.? 0 = unfro^-en check. 
Moisture Acre 
Variety and freezing n-erniination yield Stand fioisture 
treatment of ..y bushels 
seed planted 
W22 X WF9 50-A 60.0 47.9 77.5 19.6 
tt II 50-B 38.4 46.1 79.2 20.6 (1 II 50-C 93.6 51.3 82-5 20.0 
t( 11 40-A 38.0 51.2 80.8 20.6 
It M 40-3 70.4 53.1 89.2 21.2 
11 II 40-0 93.6 55.8 92.5 20.6 
n It 30-A 90.4 53.1 81.7 20.6 
II tt 30-B 79.2 48.4 81.7 21.2 
ti tl 30-C 95-2 55.3 84.2 20.2 
0s420 X V/22 50-A 64.0 46.0 74.2 22.4 
II It 50-B 37-6 43.1 77.5 22.4 11 It 50-G 95.2 46.8 73-3 21.5 II It 40-A 62.4 45.8 83.3 20.9 M tl 40-B 63.2 46.4 85.8 22.1 
tl It 40-0 96.8 49.5 87.5 21.8 
n 11 30-A 88.0 48.3 84.2 22.6 
ff II 30-B 80.8 46.4 81.7 22.1 
H tl 30-0 98.6 48.8 90.8 22.1 
WF9 X 0B420 50-A 79.2 51.0 83.3 23.2 II II 50-B 57.6 48.2 80.8 23.8 1) It 50-G 92.8 48.1 82.5 24.5 1) tl 40-A 88.8 46.7 83.3 24.5 
tl II 40-B 66.4 46.3 75.8 23.8 II It 40-0 95.2 47.7 82.5 24.5 (t tl 30-A 92.0 50.8 84.2 23.2 
II It 30-B 91.2 52.3 90.0 24.5 
II tl 30-0 96.0 46.8 90.0 25.3 
W9 X W22 50-A 83.2 51.1 80.0 22.4 
It II 50-B 64.0 47.0 81.7 23.2 
It II 50-0 95.2 46.2 71.7 22.6 
II II 40-A 93-6 51.5 83.3 23.2 
tl II 40-B 80.0 49.6 83.3 23.2 
It It 40-G 96.8 56.1 89.2 22.6 
11 II 30-A 96.0 48.0 87.5 23.8 
tl II 30-B 96.8 49.7 75.0 24.5 
II II 30-0 98.4 47-2 82.5 23.8 
Mean 49.1 82.6 22.5 
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Table 3S. Anslyjiia of vsrlrnce of field weightr. of four 
pintle croni^ec f^rown froi;! need harvested B.t 50, 
40, or 30 per cent inoiature and ^^iven three 
treatments• A = frozen 8 hours et 20^ P. with 
huskG on the esrnj B = frozen 8 hours Et 20^  ^ P. 
without hupks on the ears; G = unfrozen check. 
Source of variation Degrees of 
freedom 
Kean 
square 
P 
Replications 3 11.04 2.00 
Varieties 3 4.72 1.15 
Error A o 5.41 
Moistures 2 3.41 1.08 
M X V 6 1.55 2.05 
Error B 24  3.17 
Treatments 2 1.29 
T x M 4 1.06 
T X V 6 .70 
T X V X }!: 12 • 56 
Error C 72 2.47 
Total 1^ 1-3 
Table 39* iAean yields in bushels per acre for the two 
interactions, moisture contents x varieties and 
freezing treatments x varieties. 
Variety . Moisture content . Pree^ iinp; treatment kean 
: 50 : 40 : 30 . a ; B J G 5 
W22 X WP9 48.6 53.4 52.3 50.7 49.2 54.3 51.4 
03420 X V.'22 45.3 47.2 47.8 46.7 43.3 48.4 46.8 
WF9 X 0a420 49.1 46.9 . 50.0 49.5 48.9 47.5 48.7 
WF9 X W22 48.1 52.4 48.3 50.2 48.8 49.8 49.6 
Means 47.8 50.0 49-6 49.3 48,1 50.0 49.1 
liop.fllble differences. The mean yieldfi in huoheln per acre 
for the two interactions, n:oiF,turo content x vsrietiee and 
freeaing treatments x varieties are given in Table 39-
ICoisture content and freezing treatment of the need st har-
ver.t time produced no pignificcnt effectr on yield of fr,rain 
in the resulting crop. Thene results pre in afjreement with 
those of Rohinaon (A-2) , KiosBelbach and Ratcliff (27), and 
others v;ho found no difference in yield of grain frorri 
immature and mature .seed when equal stands wore obtained. 
The renultn disagree v»'ith thone of Diinmock (15) , who reported 
that yields from immature air-dried oced v/ere lenr, than 
yieldo from mature seerl with uniform otandn. 
FRTSEZIN-O- TOL~RA}IGIi: Ai-iONG ITIBRED I.IIIES 
'//ith the extreme variability that exists in maize, it 
seemed desirable to determine if there are differences in the 
tolerance of the seed to freezing temperature. A group of 
inbred lines representing a rather v;ide degree of genetic 
diversity was compared. Inbred lines were used to Insure 
genetic uniformity and thereby reduce the size of samples 
necessary for the comparisons. 
Three randomized replications of 25 inbred lines planted 
in 25-plant nursery rows were mede at two planting dates in 
1946. 5;elfed seed was produced by hand pollination. Weather 
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coniitlonn wore very fnvorable and qoo6. tieod aet was obtained. 
Eers v^ere hri'^/efiteil when the need crj7italnod 50 £ind 40 per 
cent nvoigture, and v;ere frozen eight hours at 20° F. Three 
treatHientn designfitod A, B, and G Vi'ere mode on each line st 
each Eiolsture. A = frozen eight hours at 20° TP. \vith hunks 
on the aarf.J B " frozen eight hours at 20° f. without huskB 
on the ep.vs\, end 0 ~ unfroe.en check. TreMtiTient B was in­
cluded to provide a ir-e^pure of rel&tivo husk protection and 
to (5ivo a better indication of tVie re^l stance of the seed 
minus the influence of the huBk. The hufj.ko were removed 
from the earn for treatment B Just prior to piecing, them in 
the freez.ing corr;pr;rtinent• A sainple of seed VIBS. hsrveBbed 
frora each Inbred line at 30 per cent nioisture to determine 
the final dry matter content per grain. Six treatinentn for 
each of the 25 inbred lines;, or a total of 15C treatif.ents, 
were planted in a split-plot de^^ign with BIX replications of 
25 aeede per plot. V/ith the large number of treatments, two 
plantings of three replications each were necessary. 
Three randoriized replications of 16 inbred liner, in 
25-pl9nt nurpery rows were planted in 1947. The plants were 
hand pollinated, but hot dry weather during pollinstion 
resulted in poor seed eet. One freealng treatment, eight 
hours at 20° F. with hur.ks on the eara, wscj made on ears of 
each line harvented when the seed contained 50 per cent 
moisture. Final dry weight of the seed wa^ obtained from 
unfrozen seed harvested at 30 per cent inointure. ,^oed of 
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15 Inbr'ods with two treatnionta each waa plantod in sand for 
garmination tests. 
Seed Viability 
To facilitato comparisons among inbred lines, the gormi-
nation of tho frozen seed of each treatment was subtracted 
from the germination of the corresponding unfrozen seed. 
Cermiriation x^edaction percentages (unfrozen check minus 
frozen) wera ti'ansformed to angles and an analysis of vari­
ance v;a3 made. Testa of significance must be made with the 
transformed means. 
The complete germination data for tho 1946 teats on in­
bred lines art.) f.iven in Table 40. Tables 41, 42, and 45 
present tho moan redaction in .germination percentages, means 
in anrles, and the analysis of variance of tho transformed 
data. 
The differences among inbred linos were highly sig­
nificant v;hen tested against either of tho first order 
interactions moistures x inbreds or treatments x inbreds. 
However, these interactions v;oro sif'.nificant when tested 
by the error varianoe indicating a differential response 
among the inbreds depending upon moisture content and 
fi-eezing treat'nent. Some inbreds v,'ore better protected by 
the husk than others, as indicabod by a comparison of the 
difference between treatmentn A and B. As the moisture 
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Table 40. Iviean genninstlon peroentarse for seed of 25 Inbred 
lines harvested st 50 or 40 per cent moisture and 
given three trestinents• A = frozen eight hours at 
20O F. with huskc on ears; B = frozen eight hours 
at 20° F. without husks on ears} and G = unfrozen 
check. 1946. 
• 
Iiloisture content of 8eed at harvent 
Inbred : 50% • « m 
line : Treatment • » Treatment 
A : B ; G A B : C 
ia4 46.7 1.3 78.7 71.3 43.3 92.0 
L289 74.7 53.3 97.3 84.7 75.3 97.3 
R4 35.3 0.0 78.7 84.0 6.7 94.0 
W22 40.0 11.3 77.3 56.7 30.7 82.7 
187-2 59.3 22.0 84.0 79.3 47.3 90.0 
wx0s420 42.0 1.3 90.0 67.3 18.7 93.3 
4GO.63 44.7 8.0 88.0 69.3 38.0 97-3 
Tr 72.0 3.3 90.0 88.0 54.7 92.0 
Sw45Wx 80.0 43.3 92.7 94.7 80.7 95.3 
0a420 72.7 41.3 90.0 86.7 73.3 96.0 
WXIVF9 62.0 10.0 93.3 82.0 22.7 94.7 
B2 74.7 54.0 96.7 83-3 65.3 96.7 
Hy 29.3 3.3 91.3 70.7 16.7 93.3 
Hi Protein 73.3 47.3 96.7 88.7 58.7 94.7 
Oh. 28 30.7 0.7 76.7 78.0 12.7 90.7 
Sgl3Wx 28.7 0.0 87.3 63.3 15-3 89*3 
B7 69.3 20.7 90.7 84.0 48.7 94.0 
EK1969 54.0 6.7 94.7 72.0 30.0 94.0 
wxl,ll4 55.3 2.7 93.3 70.7 16.7 90.0 
Sgl3wx 22.0 6.0 88.0 67.3 17.3 89.3 
L317 46.0 6.0 85.3 90.7 32.0 98.0 
38-11 30.0 0.0 36.7 76.7 33.3 95.3 
wxW22 64.0 18.0 85.3 86.0 42.7 92.0 
WF9 86.7 50.7 97.3 90.0 82.0 96.7 
Sw45wx 70.0 44.0 84.0 90,0 86.0 950 
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Table 41. Keen reduction in germination percentage (unfrozen 
check-frozen) for Reed of 25 inbred lines harvested 
at 50 or 40 per cent moisture and frozen eight 
hours at 20° F. (A » frozen with husks on ears; 
B » frozen without husks on earsO 1946. 
Inbred : 
line : 
K.oisture content of seed at harvest 
G-rand 
mean 
50?^  40$?; 
Treatment Treatment 
h : B : i'.ean : A : B : I'^ ean 
L14 32. 0 77.3 54. 7 20. 7 48.7 34. 7 44. 7 
1.289 22. 7 44.0 33. 3 12. 7 22.7 17. .3 25. 3 
R4 43. 3 78.7 61. 0 10. 0 87.3 48 6 54. 8 
W22 37. 3 66.0 51. 7 26. 0 52.0 39 .0 45. 3 
187-2 24. 7 62.0 43. 3 10. 7 42.7 26 .7 35. 0 
wx0s420 48. 0 88.7 68. 3 26. 0 74.7 50 .3 59. 3 
4C0.63 43. 3 80.0 61. 7 28. 0 59.3 43 .7 52. 7 
Tr 18. 0 86.7 52. 3 4. 0 37.3 20 .7 36. 5 
Sw45\''.-x 12. 7 49.3 31. 0 0. 7 14.7 7 .7 19. 3 
0s420 17. 3 48.7 33. 0 9. 3 22.7 16 .0 24. 5 
WXIVF9 31. 3 83.3 57. 3 12. 7 72.0 42 .3 50. 0 
B2 22. 0 42.7 32. 3 13. 3 31.3 22 .3 27. 3 
Hy 62. 0 88.0 75. 0 22. 7 76.7 49 •7 62. 3 
Ki Protein 23. 3 49.3 36. 3 6. 0 36.0 21 .0 28. 7 
Oh. 28 46. 0 76.0 61. 0 12. 7 78.0 45 •7 53. 2 
SS13WX 58. 7 87.3 73. 0 26. 0 74.0 50 .0 61. 5 
B7 21. 3 70.0 45. 7 10. 0 45.3 27 .7 36. 7 
EK1969 40. 7 88.0 64. 3 22. 0 64.0 43 .0 53. 7 
wx Ml4 38. 0 90.7 64. 3 19. 3 73.3 46 .3 55. 3 
Ssl3wx 66. 0 82.0 74. 0 22. 0 72.0 47 .0 60. 5 
WF9 10. 7 46.7 28. 7 •6. 7 14.7 10 .7 19. 7 
L317 39. .3 79.3 59. .3 7. 3 66.0 36 .7 48. 0 
30-11 56. •7 86.7 71. •7 18. 7 62.0 40 .3 56. 0 
wxV/22 21 .3 67.3 44. .3 6. 0 49.3 27 .7 36. 0 
Sw45wx 14. .0 40.0 26. 7 5. 3 9.3 7 .3 17-.2 
I'.ean 34 .0 70.3 52 .2 14. 3 51.4 32 .9 42 .5 
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Teble 42. kean In angles of trsnsforined data on germination 
reduction (unfrozen check-frozen) for seed of 25 
Inbred lines hervented at 50 or 40 per cent 
moisture and frozen ei^ht hours at 20o F. (A = 
frozen with husks on ears; B = frozen without 
hUBks on eera.) 1946. 
i.^oiature content of seed at harvest 
Inbred 
line 
50$?; 40?^  Grand 
mean Treatment: 
Mean : 
Treatment 
Mean A B A B 
in4 34.4 61.9 48.1 26.9 44.3 35.6 41.8 
L289 25.8 41.5 33.7 20.3 27.8 24.1 28.9 
R4 41.0 62.6 51.8 15.0 69.5 42.3 47-0 
'.V22 37.2 54.6 45.9 30.2 46.2 38.2 42.0 
187-2 29.7 52.1 40.9 17-1 40.7 28.9 34.9 
wx0s420 43.9 70,8 57.3 30.4 60.1 45.2 51.3 
4GO . 63 41.1 64.2 52,7 31.6 50.5 41.0 46.8 
Tr 24.0 69.1 46.6 9.1 37.5 23.3 34.9 
£W45WX 18.4 44.7 31.5 1.9 18.5 10.2 20.9 
03420 24.5 44.3 34.4 16.2 28.2 22.2 28.6 
wxWF9 33.9 66.2 50.0 16.9 58.3 37.6 43-8 
B2 27.9 40.8 34.3 21.0 33.7 27.3 30.8 
Hy 52.0 70.2 61.0 28.1 61.6 44.8 53.0 
Hi Protein 26.6 44.7 35-6 10.1 36.3 23.4 29.5 
Oh. 28 42.7 61.0 51.8 20.2 62.4 41.3 46.6 
Sgl3fVx 50.1 69.4 59.8 30.5 59.7 45.1 52.4 
B7 27.0 57.0 42.0 15.0 42.3 28.7 35.3 
EK1969 39.6 70.2 54.9 27.7 53.3 40.5 47.7 
vvxT;il4 38,0 74.3 56.1 26.0 59.2 42.6 49*4 
Sgl3wx 54.4 65.1 59.7 27.9 58.1 43-0 51.4 
WF9 18,5 43.1 30.8 13.3 20.3 16.8 23.8 
L317 38.8 63.3 51.0 12.3 54.5 42.2 
38-11 48.9 68.8 58.8 24.8 52.1 38.4 48.6 
\vxW22 27.3 55.3 41.3 11.3 44.7 28.0 34.6 
FW45V/X 21.5 39.2 30.3 10.5 15.5 13.0 21.7 
L.p 
L>T 
6.9  
9.1 
6.9 
9.1 
iv ean 34.7 58.2 
6.0 
7-9 
46.4 
6.9 
9.1 
6.9 
9.1 
6.0 
7.9 
4.5 
5.9 
19.8 45.4 32.6 39»5 
lyi.escst nignificant differences in angles bet\^ 'een any two 
me ana occurring in column. 
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Tablo 43. Analysis of variance of transformed garminatlon 
redaction dtita. 1946, 
Source of variation Degrees of . Moan 
freedom square 
Replications 5 28.09 
Inbreds 24 2,403.02 
Error A 120 61.44 
Aloisturea 1 28,658.21 
Moistures x inbrfids 24 95.16 
'.lirror B 125 54.81 
Free zing; trev'i tments 1 90,469.22 
Treatments x inbreds 24 579.85 
Treatments x moistures 1 179.52 
T X M X I 24 247.45 
Error 0 250 36.64 
Total 599 
content decraased from 50 to 40 per cent, some lines in-
creased in tolerance more rapidly than others. Preazing 
tolerance of the seed. therefore, is a combined attribute 
depending upon genetic constitution, seed davelopniant, and 
husk protection. 
The two sweat corn linos (Svr45wx and 5v;45\¥x) were the 
most tolerant lines tested, and the two pop corn linos (Sgl5v/x 
and Sgl3Wx) vwra among the most susceptible. There vis-n no 
significant difference betv/een the norvrial (iVx) and tho waxy 
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(wx) gene In the sweet and pop oorn lines. The waxy gene in 
v;xL^14, wxWF9, and wx0h420 increased the freezing injury com­
pared with the normal iV.l4, \VP9, and Ob420, while wxW22 wan 
significantly more tolerant than the norrrial W22. The waxy 
lines (wxlv,l4, wxlVF9, 5vx0s420, and wxlV22} had been back-
crosRed only three times to the normal parent, so the seed 
was probably not genetically pure for the gener. of the back-
crosv^ parent. No definite conclusion can be drawn on the 
effect of the waxy versus ordinary starch in the endosperm, 
but it appears that the effect of the waxy gene on frost 
resistance of the seed depends on other characteriatics of 
the seed with which it Id associated. 
Among the standard dent corn lines, seed of L2S9, 0s420, 
B2, \VF9, 187-2, Tr, and B? showed relatively more tolerance 
to freezing temperature than ^14, r4, sV22, 4 Go.63 (white 
line), EKT969, 1-317> 38-11, 0h28, and Ky. Seed of the High 
Protein strain was also in the tolerant group. It had been 
selfed only once before being used in this study. Sherwood 
(50) reported that top-cross seed of Tr x Krug was cold 
tolerant and seed of R4 x Krug was cold susceptible. The 
results of this study agree with his classification of these 
two lines, since seed of Tr was significantly more tolerant 
than seed of R4. 
Correlation coefficients between the mean reductions in 
gennination percentages for the various freezing treatments 
were all highly significant (Table 4A). Inbred lines tended 
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to reopond in the aame order when frozen with huaka on the 
ears as when frozen without huaka on the eare, end slao in 
the name order when frozen at 50 per cent rnoigture an when 
frozen at 40 per cent inolature. 
Table 44. Correlation coefficients between mean reduction 
in gerrninstion percentage (unfrosen-froz-en) for 
freezing treatments made on seed of 25 inbred 
lines of corn harvested at 50 or 40 per cent 
moisture, and frozen 8 hours at 20^  f. A  ^
frozen v/ith huaka on the ears; B = frozen without 
husks on the ears. 
s 
Characters correlated Correlation 
coefficients 
% germination reduction 50-A with 50-B .745'''^^' 
" " " 50-A " 40-A 
" " " 50-B " 40-1-3 
" " 40-A " 40-B .525-'--«' 
•""''•significant at the 1% level of probability. 
The husk was a very effective protector of seed viability 
for all inbred lines. Some lines were damaged more when the 
husk was removed before freezing than others. A value for 
relative husk protection can be obtained by subtraction of 
Column B from Column A for each line (Table 41). If this is 
done, it will be seen that the husk was a better protector 
of seed viability for some lines than for others. In spite 
of differences in husk protection, the lines that were 
tolerant with the husk on the ears were also tolerant v/hen 
the Viualcs were removed. .Some of the factors responsible for 
differences between Inbred lines v;ere associated with the 
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aeed itself. 
Temperature under the huskn of four Inbred liner, 
differing in freezing tolerance were checked with thsrmo-
couples', during a freeze at 20° ?. (Tpble 9) • The lov.'ert 
tempernture beneath the husk wfta 25«5*^ P'« after nine hours 
in the freezing chamber. i';,l4 hap s loose hufik compared 
with the other three inbreds, WF9, i't22, and 0g420, ,?nd the 
temperature under itt? husk tended to be approximately one 
degree belov^ that of the other inbreda. Difference in the 
degree of freezing injury to these four inbreds did not 
appear to be related to differences in temperature under 
the husk. Vv?'9 and 03420 v.'ere more tolerant than 1114 and 
V/22 but differences in temperature under the husk do not 
seem large enough to account for differences in tolerance. 
In 1947 the sixteen ntsndard dent corn linen were again 
frozen eight hours st 20^  F. with husks on the ears when t?ie 
seed contained 50 per cent moisture. Uermination percentages 
for frozen and unfrozen seed are given in Table 45* iiean 
reduction in germination percentages and ineans in angles are 
presented in Table 46, and the analysis of vsriance of the 
transformed data in Table 47.  The tolerant lines were L289J 
187-2, Tr, 0S420, B2, b7j and \VF9. These same lines were 
Glassed as tolerant in the 1946 test. The degree of injury 
in the 1947 tent waa considerably greater than in 1946 with 
the saiiie uioisture content in the seed and the same freezing 
conditions. The mean reduction in 1947 was 57*1 poi' cent 
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Teble 45* Kean germination percentage for need of 16 inbred 
lineB harvested at 50 per cent moisture and given 
two treatments. 1947* 
Inbred 
line 
Frozen 8 hrs. at 
20*^ F. v;ith husks 
on ears 
Unfrozen 
check 
Ka4 2.0 71*0 
L289 42*0 87.0 
R4 13.0 80*0 
W22 4*0 73.0 
187-2 33.0 75.0 
4 Co.63 9*0 81*0 
Tr 41*0 82.0 
0s420 49-0 84*0 
B2 53.0 91.0 
Hy 0.0 83*0 
Oh. 28 7.0 74.0 
B7 51.0 85-0 
SKI969 3*0 89*0 
\VF9 60.0 91.0 
L317 31*0 83.0 
38-11 0.0 83*0 
and the mean in 1946 was 34.0 per cent. A highly significant 
correlation coefficient of .902 v;an obtained between the mean 
reduction in germination of the sixteen line?, in the two 
years. In spite of the difference in degree of injury, the 
lines tended to respond in the same order in the two years. 
The number of leaves on the huaka of the 16 inbred lines 
used in the 1947 test were counted. There was no relationship 
between number of leaves and tolerance of the seed to freezing 
Injury. 
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Table 46- Mean reduction in germination percentage (unfrozen 
check-frozen) and mean in angles of the trsnafornied 
data for seed of 16 Inbred linos of corn. 194?. 
Inbred 
line 
Reduction in 
gerinlnation 
Angles 
¥.\h 69.0 56.3i/ 
L209 45.0 42.1 
R4 67.0 55-0 
W22 69.0 56.3 
187-2 42.0 -^ •0.4 
4G0.63 72.0 58.2 
Tr 41.0 39.6 
0g420 35.0 36.2 
D2 38.0 37.9 
K'y 83.0 66.0 
Oh. 28 67.0 55-0 
37 34*0 35.7 
SKI969 86.0 68.8 
IV F9 1^,0 33*6 
L317 52.0 46.2 
38-11 83.0 66.6 
Lie an 57.1 49.6 
\/ T-esct significant differences in angles "between 
any two means = 8.7 st 5?a level 
11.6 at 1% level 
Table 47. Analysis of variance of transformed data on 
gerniination reduction. 1947* 
Source of variation 
Degrees of 
freedom 
Mean 
square F 
Replications 3 46.39 1.3 
Inbreds 15 577-55 15'6'-''^  
Error 45 37.13 
Total 63 
fjignifice-nt at the i;i level of probability. 
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Seedllng Vigor 
As a measure of seedling vigor, green weights of the 
seedling tops wore taken 16 days after planting the 1946 
test. Seedling weights were significantly reduced bo a 
result of the freezing treatraentB to the seed (Tables 48 
and 49)• The more severe freezing treatment (B = frozen 
without huaki? on the ears) reduced seedling vigor signifi­
cantly more than the less severe treatment (A = frozen with 
husks on the ears). Inbreda that v/ere injured the most in 
germination tended to be more injured in seedling v;eight. 
Seedling weights are not reported for the 194? test, but a 
loss in vigor was apparent as a result of freezing the seed. 
In both tests, appreciably more weak or abnormal seedlings 
were noted in the frosted than in the unfrosted seed. These 
data again suggest that freezing injury to immature seed is 
a gradual and not an all or none effect. Progressive injury, 
reduced vigor, weak or abnormal seedlings, and finally complete 
death of the seed indicate that gradual dessication of the 
protoplasm by intercellular ice, possibly combined with intra­
cellular ice formation, finally kills the seed. 
Correlation coefficients between the mean seedling weight 
of the unfrozen check and the mean reduction in germination 
percentages for the various freezing treatments were all 
highly significant except one (Table 52). Less injury to 
viability occurred among the more vigorous lines than among 
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Table A8. Mean green weight In grams per Beedling top from 
seed of 25 Inbred lines harvested at 50 or 40 
per cent molnture and given three treatments. 
(A » frozen 0 hours at 20° F. with huoks on ears? 
B «E frozen 8 hours at 20° F. without hunka on 
ears; C e unfrozen check.) 1946. 
iv'OiBture co'itent of seed at harvest 
Inbred W G-rand 
line : Treatment Treatment • • Biean 
• A : B : C :Kean t A B • n tkean 
M14 •32 .32 • 52 .40 .40 .41 ,50 .44 .42 
L289 .63 •58 / «66 .62 .71 .67 .79 .72 • 67 
R4 .49 --3/ .43 .46 .51 .36 .55 .49 .48 
W22 .25 .28 .42 .32 .33 • 33 • 52 .40 • 36 
187-2 .48 .44 .57 .50 .57 .41 .52 .50 .50 
v,'x0e420 .66 .65 • 73 .67 .72 • 72 •79 .74 •72 
4Go.63 .46 .39 .58 .48 .45 .55 .57 .50 .50 
Tr .47 .40 .48 .46 .72 .66 .71 .69 .59 
Sw45Wx .60 .51 .66 .59 • 59 .64 . 68 .64 .61 
0s420 .60 .55 .64 .60 .74 .66 .78 .73 .66 
wxT^ F9 .48 •47 .59 •51 . 61 .49 .68 .59 .55 
B2 .61 • 56 .59 .58 .65 .60 .64 .63 .61 
Hy .33 .36 .43 .38 .45 •53 .53 .50 .45 
Hi Protein . 66 .63 .79 .69 .65 .74 .77 .72 .71 
Oh. 28 •34 .20 .42 •37 . 54 .46 .50 .50 •45 
SSL3WX • 32 .40 •36 .35 .29 .46 •37 .36 
B7 .39 .40 .40 .40 .45 .46 .47 .46 .43 
I-::A969 .45 .44 .58 • 49 .52 .49 .72 .58 .53 
WXIJ:I4 •38 •33 .39 .38 .42 .39 .44 .42 .40 
Bgl^wx • 30 .31 .37 .33 .50 .40 .46 .46 .40 
WF9 .68 .52 .74 .65 .71 .63 .79 • 71 . 68 
1,317 .39 .20 .40 .33 .42 .34 .'FFS .41 .37 
38-11 .29 — .40 •35 .47 • 30 .50 • 43 .39 
WXW22 .37 •37 .45 .40 .44 .40 .50 .45 • 42 
Sw45wx .67 .47 .67 . 61 . 66 .68 •73 .69 . 65 
L.S.D.l/ 5% 
1% 
.07 .07 .07 .05 .07 •07 .07 .05 . 06 
.09 .09 .09 .07 .09 .09 .09 .07 .08 
I-'ean^ / .46 .44 .53 .54 .51 .60 
.48 •55 .52 
means ocGurring in column. 
2/ Le est Blgniflcant differencea in grama betv;een any two 
ineana occurring in row: 5% level = .01 
3/ None of need germinated. 
Vfj level = .02 
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Tablo 49. Analysis of variance of 
seed of 25 Inbrod l ine a 
conb molature and i;iven 
moan seedling'; \7oi,dit from 
harvoat(3d at 50 or 40 per 
throe troatmenta. 
Sourco of variation Degrees of Mean 
freedom square 
Replications 5 875.42 
Inbreds 24 4,860.78 
Krror A 120 109.53 
Moistures 1 9,743.06 
Moistures x inbreds 24 278.77 
rarror F3 125 59.26 
freezing treatments 2 5,829.62 
A vs. P. 1 666.36 
(A + B) V3, C 1 10,992.84 
Treatments x inoiaturevS 2 643.21 
Treatments x inbrods 48 218.50 
T X M A. I 45 95.12 
Error C 456 32.57 
Total 852 
the leas vigorous lines when seedling wei^^hts were used as 
a measure of vigor. A non-aignificant r value v/aa obtained 
between seedling weight of the 40 par cent checks and the 
mean roduc-.tion in germination for treatment A at 40 per cent 
moisture, primarily because relatively little injury to germi­
nation occurred v/ith treatinent A at 40 per cent raoiatuiT'e. 
Some of the factors reaponsiblo for froezlUK tolerance 
among inbrtid linos v/ara associafcad v/ith vif'^^or of the seed­
lings. Green weij^ht of seedlin^/s vas positively correlated 
with seed •,vei}",ht ancj vvi.th porcentai o aeed maturity (Table 
52) , indicatiiu', that i'reon ^--oight of ueadlin|i,3 waa related 
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to quantity and quality of reserve food material in the seed, 
and perhaps also to quantity and quality of the aeed proto­
plasm. 
Seed ilaturity 
Seed maturity, as defined in this study, refers to the 
percentage of maximum dry matter accumulated in the seed at 
a given stage of development. The aeed is assumed to he 
physiologically mature when it reaches its maxiraum dry weight, 
and the percentage of this weight accumulated is considered 
to he an index of physiological maturity which may not always 
correspond to moisture percentage in the grain. 
Ivlean dry weights per 50 seeds and percentage seed matu­
rity for the 1946 experiments are given in Table 50. Duplicate 
samples were weighed for each of the 15O treatments at 50 or 
40 per cent moisture and the means represent the average of 
the three treatments for each inbred at the two moisture 
levels. Analyses of variance for dry weights at 50 or 40 per 
cent moisture and for percentage aeed maturity are presented 
in Table 51. Maximum dry weight was obtained from seed har­
vested at 30 per cent moisture in which duplicate samples of 
50 seeds were v^eighed for each inbred. 
Inbred lines differed significantly in dry weight of 
seed and in seed maturity. Seed at 40 per cent moisture was 
significantly heavier and more mature than seed at 50 per cent 
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Table 50- Mean dry weight in grains per 50 eeedo of Inbred lines 
of oorn harvested at 50, ^-iO, or 30 per cent mois­
ture; seed fflsturlty as measured by 50/30 per cent 
and 40/30 per cent (dry weig;ht of seed harvested 
at 50 per cent or 40 per cent u^oigture divided by 
dry vjelght of seed harvested at 30 per cent mois­
ture)^  1946. 
! Dry v/eight in grains per 50 seed matu irity 
Inbred seeds harvested at; ! in % 
line J 50;S J 40?i . 30% 40% 
! inoisture . moisture. * • moisture ; 3^ ; 30^-6 
a^4 6.5c 8.51 9.81 66.3 86.7 
L289 9.80 11.06 12.32 79.5 39.8 
R4 8.76 9.99 12.26 71.5 81.5 
"122 8.25 10.33 12.17 67.8 84.9 
187-2 9.22 10.68 12.56 73.4 85.0 
wxCa420 12.47 13.58 14.76 84.5 92.0 
4Co.63 10.38 11.19 13.57 76.5 82.5 
Tr 9.69 11-59 12.00 80.8 96.6 
Sw45Wx 10.05 10.59 10.92 92.0 97.0 
Os 420 13.75 14.58 15.63 88.0 93.3 
WXWP9 11.15 12.97 14.04 79.4 92.4 
B2 3.05 8.75 10.08 79.9 86.8 
U tr 
'-J 9.47 11.18 13.02 72.7 87.1 
Hi Protein 8.12 9.18 10.10 80.4 QO. 9 
Oh. 28 8.12 9.90 11.46 70.9 86.4 
Ssl3Wx 5.28 7.34 8.46 62.4 86.8 
B7 11.50 12.22 13.17 87.3 92.8 
EK1969 9.93 14.41 15.23 65.2 94.6 
wxMl4 7.52 9.12 10.43 72.1 87.4 
ssl3wx 5.34 6.49 7.81 68.4 84.8 
'A'F9 12.02 13.09 15.01 80.1 87.2 
L317 6.75 8.03 9.81 68.8 81.9 
38-11 9.19 10.38 12.98 70.8 80.0 
i ivxiV22 7.99 9.22 10.30 77.6 89.5 
SW45WX 10.95 11.21 11.60 94.4 96.6 
L.S.D.^ !- 5% .49 .49 1.10 4.1 4.1 
1 .64 . 64 1.50 4.1 5.4 
Jvjean 9.21 10.63 11.98 76.4 88.6 
•'^ Least aignificsnt differences in grarnn or percentages 
betiNeen any two means occurring in column. 
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Table 51. Analysis of variance of dry weight per 50 seeds 
harveated at 50 or 40 por cent moisturo, and of 
seed maturity. 1946. 
• • 
• • 
rDegroes of: Mean squares 
Source of variation : freedom : 
« • 
• fl 
Dry weight; 
• 
Seed maturity 
Inbreds 24 50.93 452.14 
Moi.'?,tiu'e3 1 151.73 11,092.35 
?'reozinp; ti'eatments 2 .10 4.63 
Inbreds x moistures 24 1.99 121.57 
Inbreds x treatments 48 .17 12.03 
Moistures x treatment 2 .48 10.99 
I X X T 43 .15 25.80 
Error 150 .18 12.87 
Total 299 
moisture. Dry v/eight of seed for all linos increaaod as they 
dried from 40 to 30 per cent molature. 
Correlation coeffici-jnta for germination reduction per-
centajio \vith seed aize and v/ith seed maturity are presented 
in Table 52. Y/ith two excoptions, the correlabions of germ­
ination reduction v/ith seed size were not significant. There 
via3 a trend tov/ard i'r.reator injury in the lines with smaller 
seeds, but the relationship waa not generally significant. 
Germination reduction psrcenta;ro in frozen seed v,'as highly 
significantly correlated v/ith aeed maturity. Viability of 
the more mature inbreda bonded to ba reduced less than 
viability of the more Immature inbreds. This relationship 
of freezing tolerance to seed maturity suggest:- that aomo of 
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TDble 52. Correlation coefficientE for germination reduction 
percentwith dry weight of <?eed, v>'lth percentDge 
peed maturity, nnd v;ith jjreen weight per seedling. 
Correlation coefficiento for seedling weight with 
seed weigVit end with seed maturity* 1946. 
Characters corrGlntod 
Oorrelstion 
coefficients 
% gerin 
germ 
i reduction 
i reduction 
•^ OAl/^ with 
5OB with 
seed v/eight 
50^^ seed w e 1 gh t 
-.475^  ^
- .300 
germ 
genu 
. redviction 
. reduction 
40 A 
40B 
with 
with 
40;t seed weight 
401:^ seed weight 
-.087 
-.248 
^ germ 
% germ 
. reduction 
. reduction 
50 A 
5OB 
with 
v;ith 
50/3O^ X ,'^ eed maturity 
50/30;.^ peed maturity 
- .691SH:-
-. 6l0-;Hf 
v'J germ 
% germ 
. reduction 
. reduction 
40A 
40B 
with 
with 
hO/^ Q"/-, seed n^ aturity 
40/30',ii seed maturity 
-.429"-
-.523--;r 
'jC germ 
> germ 
. reduction 
. reduction 
50 A 
5OB 
with 
with 
check needling weight 
check seedling weight 
- .  57 4-''-" 
/s germ 
% germ 
* reduction 
. reduction 
40A 
40B 
with 
with 
check seedling weight 
check seedling weight 
-.330 
_.578s;- i f  
Checl-T 
Check 
seedling weight 
seedling weight 
with 
with 
30seed weight 
40% seed weight 
.576^ -^"-
.  6 65 
Check 
Check 
s e e dling we igh t 
needling weight 
with 
with 
50/30% seed maturity 
40;]30;^ seed maturity .651''""-
ly A = ears frosien S hours at 20° F. with hu«ks on; B = same 
after husking. 
significant at the 5^ level of probability. 
Significant at the 1% level of probability. 
the properties of protoplasm which favor frost resistance are 
associated with an accumulation of dry matter or with physio­
logical changes in the maturing seed other than simple decrease 
in moisture percentage. 
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lAeen dry weights per 50 seeds and geed uiaturltieB for the 
16 lines frozen in 19^7 are presented in Table 53 along with 
the corresponding seed vjeights and seed maturities, for the 
same lines in 1946- Seed weights were lighter at 50 and 30 
per cent moisture and the seed v;aa less mature at 50 per cent 
moisture in 194? than in 1946. The relatively more irnniature 
condition of the v=5eed was probably an important factor in the 
more severe freezing injury to germination in 1947* 
Data on freezing injury for the 16 inbreds in the two 
years are given in Table 54 to facilitate comparison. Corre­
lation for the mean reduction in germination percentage with 
the 50 per cent seed weight was -.477 for the 1947 data- This 
was not a significant correlation, but there was again a trend 
toward an association of small seed size with greater freezing 
injury. The correlation between mean reduction in germination 
percentage and seed maturity was -^787, which was highly signif­
icant, indicating that the more mature seed was less injured 
than the relatively immature seed at the same moisture content. 
A highly significant correlation of +.924 was obtained between 
1946 seed maturity and 1947 seed maturity at 50 per cent mois­
ture. Growing conditions in the two seasons were very differ­
ent, but the order of the inbred lines with respect to seed 
maturity tended to be the same in both years. 
Distribution of moioture in the various kernel parts of 
WF9 were checked at different stages of maturity in 1946 
(Table 55)* The moisture content of the endosperm decreased 
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Table 53* OomparlBon of mean dry weii^hts in grauia per 50 
seedr, of inbred lines of corn harvested at 50 
and 30 per cent moisture, and seed maturity in 
1946 and 194?. 
Inbred 
line 
Dry weight per 50 seeda 
P;RAMA grama SRAMS 
Seed maturity 
IN 
1946 194? Diff. 
50 ' in 
30-" 30^" > 
K14 
L289 
R4 
V?22 
6.50 
9.80 
8.76 
8.25 
187-2 9.22 
4G0.63 10.30 
Tr 9.69 
0s420 13.75 
B2 8.05 
Hy 9.47 
Oh.28 8.12 
B7 11.50 
EKL969 9.93 
WF9 12.02 
L317 6.75 
38-11 9.19 
L.S.D. 
5>1 
1?' 
.49 
.64 
5-37 
8.75 
7.84 
7*34 
8.04 
0.34 
8.39 
11.23 
7.44 
7.70 
7.41 
9.44 
8.83 
10.36 
5.44 
6.89 
.63 
.84 
82.6 
89.3 
89.5 
89.0 
87.2 
80.4 
86.6 
81.7 
92.4 
81.3 
91.3 
82.1 
88.9 
86.2 
80.6 
75-0 
9.81 
12.32 
12.26 
12.17 
12.56 
13.57 
12.00 
15.63 
10.08 
13.02 
11.46 
13.17 
15-23 
15*01 
9-81 
12.98 
1.10 
1.50 
9.21 
12.17 
11.94 
11.68 
12.25 
12. 5B 
11.65 
14.26 
93.9 
98.8 
97.4 
96.0 
97.5 
92.7 
97-1 
91.2 
10.22 101.4 
11.70 89.9 
11.08 96.7 
12.63 96.3 
14.70 96.5 
13.90 92.6 
9.14 93.2 
12.05 97.3 
1.21 
1.63 
66.3 
79.5 
71.5 
67.8 
73.4-
76.5 
80.8 
88.0 
58.3 8.0 
71-9 7*6 
65.7 5.8 
62.8 5.0 
65*6 7'8 
66.3 10.2 
72.0 8.8 
78.8 9.2 
79.9 72.8 7.1 
72.7 65.8 6.9 
70.9 66.9 4.0 
87.3 74.5 12.8 
65.2 60.1 5.1 
80.1 74.5 5.6 
68.8 59.5 9.3 
70.8 57.2 13.6 
4.1 
5.4 
5.5 
7.3 
Mean 9.46 8.05 85.3 12.57 11.95 95.5 75'0 67.0 8.0 
I,east significant differences in grama or percentages 
between any two roeana occurring in column. 
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Table 54. Gomperlson of geraiinstlon percentage;:; for seed 
of Inbred linen harvested at 50 per* cent moisture 
and frozen 8 hourn at 20° F. with husks on the 
earo, and unfrozen checkn. 1946 and 1947. 
1946 1947 Dif­ Unfrozen 
(1) (2) (3) (4) (5) (6) fer­ minus 
Froz­ Un­ Un­ Froz­ Un­ Un­ ence frozen 
Inbred en froz­ froz­ en froz­ froz­Column trans­
lines en en en en (6) formed 
check minus check minus minus to angles 
froz­ froz­ Column 1946 . 1947 
en en (3) * 
• 
Ml 4 46.7 78.7 32.0 2.0 71.0 69.0 
L289 74.7 97.3 22.7 42.0 87-0 45.0 
R4 35.3 78.7 43.3 13.0 vSO.O 67.0 
W22 40.0 77.3 37.3 4.0 73.0 69.0 
187-2 59.3 84.0 24.7 33.0 75.0 42.0 
40o.63 44.7 88.0 43-3 9.0 81.0 72.0 
Tr 72.0 90.0 18.0 41.0 82.0 41.0 
0s420 72.7 90.0 17-3 49.0 84.0 35.0 
B2 74.7 96.7 22.0 53.0 91.0 38.0 
Hy 29.3 91.3 62.0 0.0 83.0 83.0 
Oh. 28 30.7 76.7 46.0 7.0 74.0 67.0 
B7 69.3 90.7 21.3 51.0 85.0 34.0 
Sia969 54.0 94.7 40.7 3.0 89-0 86.0 
WF9 86.7 97-3 10.7 60.0 91.0 31.0 
L317 46.0 85.3 39.3 31.0 83.0 52.0 
38-11 30.0 86.7 56.7 0.0 83-0 83.0 
Eean 54.1 87.7 33.6 24.9 82.0 57.1 
37.0 
22.3 
23.7 
31-7 
17-3 
28.7 
2 3 - 0  
17.7 
16.0 
21.0 
21.0 
12.7 
45.3 
20.3 
12.7 
26.3 
34.4^/56.3-^ 
25.8 
41.0 
37.2 
29.7 
41.1 
24.0 
24.5 
27.9 
52.0 
42.7 
27.0 
39.6 
18.5 
38.8 
48.9 
42.1 
55.0 
56.3 
40.4 
58.2 
39.6 
36.2  
37-9 
66.0 
55.0 
35.7 
68.8 
33-6 
46.2 
66.6 
23.5 34.6 49.6 
Probability 
C:/ T dl 
Least 3l.Knif leant differences in an(5leB 
between any two means occurring in column... 7*8 10.3 
—/ Tieast significant differences in angles 
between any two means occurring in column... 8.7 11.6 
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8t a faster rate than the molBture content of the embryo 
and pericarp SB the seed approached maturity. 
Table 55* Moisture content of kernel parts at various 
stages of maturity. Duplicate samples of five 
kernels each from selfed ears of WF9. 1946. 
Moisture content in per cent at various 
stages of maturity 
Entire kernel 65-06 39 53. 30 46. 38 35. 08 
Pericarp 71. 72 68. 67 64. 90 58. 93 52. 34 
Embryo 64. 00 63. 60 60. 52 57. 05 45. 24 
Endosperm 61. 68 54. 64 49. 94 42. .71 29. 55 
Entire kernel 64. 89 58 .50 52. 44 46 .64 36. 33 
Pericarp 70. 50 68 .49 64. 80 60 .94 51. 77 
Embryo 63-•71 61 .07 59. '47 56 .42 46. 86 
Endosperm 6l •58 55 .65 46 .31 42 .26 30 .80 
Seed from several ears of vVir9, IJ14, 03420, and vV22 were 
checked for distribution of moisture in the various kernel 
parts in 1947- It was thought that differences in moisture 
distribution might account for the difference in degree of 
injury to these four inbreds. No consistent differences 
were found when seed of comparable moisture content was 
examined, but not enough comparisons were made to draw a 
definite conclusion. 
There was no apparent relationship between earliness of 
an inbred, as measured by the number of days froo planting to 
maximum dry weight of grain, and the tolerance of its seed to 
freezing temperature. Kl4 is one of the earliest dent corn 
lines in the group tested and TJ317 snd 38-11 ere emong the 
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latent linoa, yet ther.e three lines were all suscoptlble to 
freezing injury when the seed wsg at tlie oonio moiature 
content. 
Comparison of Tolerance of Immature 
and Soaked Seed 
The purpose of these experiments with soaked seed vjas to 
determine if s soaking and freezing test would provide infor­
mation on the relative freezing tolerance of the aeed of a 
group of inbred lines in the fresh condition* 
Ao a preliminary study during the winter of 1946, shelled 
air-dry seed of a number of Inbred lines was soaked to 35 per 
cent moisture and frozen eight hours at 20*^ F. in small cork-
stoppered bottles. All the aeed was not grown in the same 
year and was not of coioparable quality. The average ger­
mination for two different soaking tests on a group of lines 
is presented in Table 56. On the basis of this teat, it 
appeared that Cs420 and W22 possessed some tolerance to 
freezing temperatures. When freshly harvested, imsnature ears 
were frozen, seed of 08420 proved to be one of the more tol­
erant lines but seed of W22 was found to be relatively sua-
ceptible-
The soaking tests were repeated with seed of inbred lines 
harvested in 1946 at 30 per cent moisture. This seed was 
dried, shelled, soaked to 35 per cent moisture, and frozen 
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Table 56< Mean germination percentage for air-dry seed of 
inbred lines soaked to 35 per cent raoipture, and 
frozen 8 hours at 200 p. April 1946. 
Inbred 
line 
Year seed 
was 
produced 
Unfrozen 
check 
Frozen 
a! 
Difference 
of /*> 
?a4 1943 89 6 83 
Ky 1944 90 18 72 
L317 1944 84 10 74 
38-11 1943 74 11 63 
\VF9 1944 91 28 63 
187-2 1943 90 30 60 
L289 1942 91 35 56 
R4 1942 86 37 49 
B2 1945 93 42 51 
\Y22 1945 88 59 29 
0s420 1945 94 65 29 
eight hours at 
seeds per plot 
20° F. In bottles. Four replications of 25 
were planted for germination tests. 
The mean germination percentsgea are shown in Table 57• 
There were wide differences in injury among the inbreds. 
Distribution of moisture in various kernel parts of soaked 
seed waa checked (Table 5B)• The differences in freezing 
injury to viability of WF9, Ml4, 0^420, and \V22 were not due 
to differencea in moiBture content of the different kernel 
partB. It appears that the protoplaisiri of WF'9 end 0s420 seed 
was more reaistsnt to the effects of freezing temperature 
than the protoplasm of \V22 and iiil4 seed with the same moisture 
contents. The embryo of soaked \VF9 seed was approximately 
six per cent higher in moisture content than the freshly har­
vested seed of \VF9 v/hen the kernels contained 35 per cent 
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Table 57* Mean germination percentage for air-dry seed of 
25 Inbred lines posked to 35 per cent inolnture, 
and frozen 8 houra at 20"^  F. 1947* 
Inbred 
line 
Unfrozen check Frozen 
% 
Difference 
% 
93.0 4.0 89.0 
L289 91.0 55.0 36.0 
R4 97.0 20.0 77.0 
vY22 86.0 24.0 62.0 
107-2 94.0 76.0 18.0 
wx0n420 87.0 77.0 10.0 
ACo. 63 91'0 19.0 72.0 
Tr 98.0 60.0 38.0 
Sw45Wx 84.0 82.0 2.0 
OB 420 95^0 62.0 33*0 
WXWF9 90.0 69.0 21.0 
B2 91.0 62.0 29.0 
Hy 96.0 26.0 70.0 
Hi Protein 97.0 61.0 36.0 
Oh. 28 96.0 30.0 66.0 
SS13WX 93.0 16.0 77.0 
B7 90.0 55.0 35.0 
EK1969 95*6 14.0 81.0 
wxi.il4 88.0 40.0 48.0 
ssl3wx 82.0 14.0 68.0 
WF9 93.0 56.0 37.0 
L317 89.0 30.0 59.0 
38-11 93.0 23.0 70.0 
wxW22 89.0 63.0 26.0 
Sw45vjx 95.0 91.0 4.0 
mointure (Tables 55 and 58). Pericarp and endosperm were 
p.lmilar in moioture content under the two conditions. 
Correlation coefficientB between geriDlnation reduction 
percentages for soaked seed with, germination reduction per­
centages for the various freezing treatments with frenhly 
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Table 58' Distribution of rnoiBture in kernel parto of inbred 
seed soaked to 35 per cent rriointure. 
Kernel parts ! moisture 
IV P9 i.il4 03420 W22 
Entire kernel 
Pericarp 
Embryo 
Endosperm 
35-96 
51.80 
51.98 
30.46 
34.03 
51-33 
54.22 
27-37 
35.16 
52.08 
54.11 
26.65 
34.57 
49.76 
55.66 
27-27 
Table 59* Correlation coefficients for germination reduction 
percentage of soaked oeed with germination reduc­
tion percentage of freah aeed on maturing ears. 
Characters correlated Correlation 
coefficients 
Soaked seed with SOA^/ 1946 .672'"^  
Soaked seed with 5OB 1946 . 565-'«=-
•Soaked seed with 40A 1946 . 585-'^ -'' 
soaked seed with 40B 1946 .594--"-
soaked seed with 5OA 1947 .878-"-^ «^  
•^ •^ "Significant at V/, level of probability. 
lyA = ears frozen with huska for 8 hours at 20"^  F.; B = same 
after husking. 
harvested ears in 1946 and 194-7 are presented in Table 59. 
Highly significant correlations were obtained between the two 
types of tests, indicating that the inbreda responded in some­
what the same order. Some of the factors responsible for 
freezing tolerance were effective under both conditions. 
Using mature seed grovm under similar conditions, it was 
possible to pick out the more tolerant lines with a freezing 
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test of gosked Reed. 
The une of s soaking and freezing test to determine 
relative tolerance of the aeed of a group of Inbred lines 
requires care and repetition of the test In order to reduce 
errors In classification, v/hen soaked seed was frozen In 
small open wire boskets, practlcplly all of the seed was 
killed after eight hours at 20° F. The small cork-stoppered 
bottles allowed a more gradual drop In temperature and re­
duced the Injury. Other precautions Include soaking the seed 
to a uniform moisture content under cool conditions and the 
use of mature seed grown under similar conditions. Dry 
samples of '.VF9 seed harvested at 50 and 30 per cent moisture 
were soaked to 35 per cent moisture and frozen under the same 
conditions. All the seed that had been harvested at 50 per 
cent moisture was killed while the seed harvested at 30 per 
cent moisture germinated 56 per cent. This experiment illus­
trates the Importance of using mature seed when conducting 
the freezing test with soaked seed. V»'hen seed was allowed to 
soak six days or more at 45° before freezing, more freezing 
Injury to germination resulted and differences among inbred 
lines narrowed. 
Since the physiology of the seed is very different on the 
two sides of the ripening process, it Is possible that there 
might be reversals of tolerance to freezing under the two 
conditions for some inbreds. Prellniinory Information on 
relative tolerance obtained v/lth soaking tests should be 
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pupplemented with tevBts of the seed in the fresh condition, 
end with coinparlp,ons under conditions of a field freeze. 
G-ENETIO CONSTITUTION 0? THF SEED 
Preliminary studies with soaked seed of Inbred llne.g 
indicated that, on the basis of this type of teat, seed of 
W22 and 0.q420 pogserteed some degree of freezing tolerance 
snd aeed of 1:14 and WF9 was relatively more susceptible to 
freezing Injury. This claoRificstion proved to be only 50 
per cent correct, probably becauce of differencef? in quality 
of the seed used, ^'vhen maturing ears were frozen, vVF9 snd 
0a420 exhibited tolerance while Ml4 and iY22 were found to be 
more susceptible. 
Since seed of soiiie inbred linea appeared to be more 
tolerant to freezing teir.perature then others, this study was 
undertaken to obtain inforroation on the relative importance 
of maternal seed characteristics and embryo constitution-
Seed of K14, W22, ^79, snd Os420 was planted in 25-plsnt 
nursery rows at two dates of planting in both seasons. Six­
teen rows of each line were planted at each date. The plants 
were hand pollinated to produce selfed seed and single-cross 
seed In ell possible combinations among the four lines. 
In 1946 ears were harvested when the seed contained 50, 
40, or 30 per cent moisture and were given three treatments 
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deoignsted A, B, and G. A - frozen eight houro at 20° F. 
with husko on the ears, B = frozen eight houro at 20° F. with­
out husks on the ears, snd G : unfrozen check, yamplea were 
frozen without huaks to eliminate the influence of husk pro­
tection and to give a better measure of the reaponse of the 
seed itself to freezing temperature. The dried seed was 
plsnted in s aplit-plot design for germination snd seedling 
vigor tests. There were 16 varieties, the four inbreds and 
the 12 single crosses, with nine treatments for each. Y/ith 
tVie large number of treatments it was necessary to make two 
plantings of three and two replications, respectively. 
In 1947, ears were harvested v;hen the seed contained 50 
per cent moisture and were frozen eight hours at 20° F. with 
husks on the ears. A sample of ears for an unfrozen check at 
50 per cent moisture v;as also taken. Seed at 30 per cent 
moisture was harvested for final dry weight of the seed. 
Frozen and unfrozen samples were planted in sand for gerrnina-
tlon tests. 
Seed Viability 
Reduction in germination percentage (unfrozen check 
-frozen) was used as the measure of freezing Injury to seed 
viability. This was necessary for comparisons of injury, 
since the unfrozen checks, eepecially for the inbreds, 
differed in germination. The reductions in germination were 
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Table 60. Hiean gorffilnatlon percentage for seed of four 
inbred lines and all possible single crooses 
hsrveated at 50, 40, or 30 per cent moifsture 
and given three treatments* (A = frozen 8 
hours at 20° F. with huska on earn J B « frozen 
8 hours at 20° F» without huoks on earoj 0 = 
unfrozen cheek. 1946. 
M . . — . 1 1 1 —  I  I I . .  M  I  .  •  I I  •  l l . l .  I  I  I ,  
: feolsture content of aeed at harvest 
Variety : ^0% i kO% s 30% 
• C • A. St 0 • Ai G 
M14 51.2 l i 6 74.4  76.8 60.0 94.4  85.6 69. 6 95.  2  
Ml 4 X 1VF9 52.8 5- 6 96.0  72.0 56.0 99.2  96.0 71.  2 97.  6 
i 'n4 X 0  3420 60.8 4.  0  94.4  80.8 56.8 99.2  91.2  73.  6 100* 0 
K14 X \ 'v '22 65*6 0.  8 95.2  76.0 56.8 95.2  95.2  75.  2 98.  4  
WF9 88 .8  57.  6  95.2  87-2 73-6 96.0 94.4  88.  0  96. 0 
WF9 X M14 88.0  52.  0 96.8  89.6 74.4  94.4  94.4  83.  2  96. 8 
WF9 X 0S420 79.2  57.  6  92.8  88.8  66.4  95.2  92.0  91.  2  96. 0 
WF9 X W22 83.2 64.  0 95.2  93.6  80.0  96.8 96.0  96 • 8 98* 4  
0  3420 69*6 48.  0 84.0  80.8  64.8  92.8 88.3  80.  0 94.  4  
Os420 X Ml 4 54.4  21.  6  95.2  88.0  46.4  96.8 93.6  82.  4  97.  6  
OP 420 X WF9 62.4  36.  0 94.4  79.2  53.6  94.4  89.6  80.  8  96.  8  
OS420 X 1V22 64 .0  37.  6  95.2  82.4  63.2  96.8 88.0  80.  8  97.  6  
W22 47 .2  14.  4  75.2  60.8  34.4  84.8  86.4  75- 2  93.  6  
W22 X M14 51.2  0 .  0 90.4  66.4  48.0  99.2  92.0 75. 2 95.  2  
W22 X \VF9 60.0 38.  4  93.6  88.0  70.4 93.6  90.4  79.  2 95.  2  
W22 X 0S420 52.0  12. 8 90.4 84.8  64.0  92.0  88.0  72.  0  93.  6  
transformed to angles and an analysis of variance was made on 
the transformed data-
Complete gorrninetion data for the 1946 experiment are 
given in Table 60. The mean reduction in germination per-
centagen, means in anglen, and the analysis of variance are 
presented in Tables 61, 62, and 63• 
There were highly significant differences in injury 
among the 16 varieties. The interactions, moistures x 
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Table 61. Mean reduction In germination percentege (un­
frozen - frozen) for seed of 4 inbred lines 
and all pooniblo single crosfeo hsrvested at 
50, 40, or 30 per cent moisture, and frozen 
8 hours at 20° p. a = frozen with husks on 
the ears; B = frozen without husks on the 
esrs' 1946. 
•-.laternsl • Paternal parent ; Mean 
psrent . Ml 4 Y/F9 5 0g420 : \V22 
50-A 
Lil4 23.2 43.2 33.6 29.6 32.4 
y.'r<'9 8.8 6.4 13.6 12.0 10.2 
0S420 40.8 32.0 14.4 31.2 29.6 
\V22 39.2 33.6 38.4 28.0 34.8 
Mean 28.0 28.8 25-0 25.2 26.8 
50-B 
Ml 4 72.8 90.4 90.4 94.4 87.0 
IV F9 44.8 37-6 35.2 31.2 39.6 
03420 73.6 58.4 36.0 57-6 56.4 
W22 90.4 55.2 77.6 60.6 71.0 
iiiesn 70.4 60.4 59.8 61.0 62.9 
40-A 
in.4 17-6 27.2 18.4 19.2 20.6 
V/F9 4.8 8.8 6.4 3.2 5.8 
0a420 8.8 15-2 12.0 14.4 12.6 
Vv22 32.8 5.6 7.2 24.0 17.4 
¥.ean 16.0 14.2 11.0 15-2 14.1 
40-B 
K14 34.4 43.2 42.4 38.4 39.6 
WF9 20.0 22.4 28.8 16.8 22.0 
03420 50.4 40.8 28.0 33.6 38.2 
Vv22 51.2 23.2 28.0 50.4 38.2 
¥ e sn 39.0 32.4 31.8 34.8 34.5 
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Toble 61. (Conbinued) 
• 
• 
Maternal • 
parent ; 
Paternal parent • Mean 
ia4 : \VF9 : 0 3420 ; W22 
30-A 
Iill4 9.6 1.6 8.8 3.2 5.8 
WF9 2.4 1.6 4.0 2.4 2.6 
0s420 4.0 7.2 5.6 9.6 6.6 
W22 3.2 4.8 5 - 6  7.2 5.2 
Mean 4.8 3.8 6.0 5.6 5.1 
30-B 
I'.lh 25-6 26.4 26.4 23.2 25.4 
\'!F9 13.6 8.0 4.8 1.6 7.0 
0fl420 15.2 16.0 14.4 16.8 15.6 
IV22 20,0 16.0 21.6 18.4 19.0 
li'ean 18.6 16.6 16.8 15-0 16.8 
Variety total means 
1114 30.5 38.6 36.6 34.6 35.1 
7/?9 15.7 14.1 15.5 11.2 14.1 
0B420 32.0 28.3 18.4 27.2 26.5 
^^ V22 39.5 23.1 29.7 31.5 31.0 
lie an 29.4 26.0 25.1 26.1 26.7 
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Table 62. i.'.ean In engles of trannformed goriaination reduction 
percentage for seed of 4 inbred lines and all 
possible ningle croaseG harvested at 50, 40, or 30 
per cent moif^ turc, and frozen 8 hours at 20^  F. 
A = frozen witb husks on the earn; B = frozen v/ith-
out huskn on the eara* 1946. 
iwaternal : 
parent ; 
rsternal parent : Mean 
Xi! 14 • WB^ 9 : 0s420 : '.¥22 
 ^ 50-A 
Ml 4 28.61/ 41.4 35.5 32.9 34.52/ 
16.9 12.9 21.5 18.2 17.4 
0 p'.420 ^9*6 . 34.3 20.0 33.7 31.9 
¥/22 58.7 35.3 3". 1 31.4 35.9 
Jdean 31.0?/ 30.0 28.7 29.1 29.9 
50-B 
K14 58.81/ 72.2 73.1 77.9 70.5^  
\\'P9 41.9 37.7 36.3 33.9 37.5 
0 n420 59.7 49.9 36.7 49.5 49.0 
\V22 73.9 48.0 62.1 51.4 58.9 
Kean 58.6^  52.0 52.1 53.2 54.0 
40-a 
M14 24.3i/ 31.1 25-2 25.8 26.6^  
WF9 9.3 15.1 11.4 6.6 10.6 
0r.420 15.0 22.5 17-5 21.6 19.2 
W22 34.9 12.1 12.1 28.6 21.9 
Mean 20.9^ / 20.2 16.6 20.7 19.6 
40-B 
mi4 35.81/ 41.1 40.6 38.3 39.0^  
WP9 26.4 28.0 32.2 23.2 27.5 
0s420 45.3 39.6 31.8 35.3 38.0 
W22 45.7 28.8 31.7 45.2 37.9 
Mean 38.8^  34.4 34.1 35.4 35.6 
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Table 62-  (ContlniAcd) 
Maternal : 
parent : 
Paternal parent : Mean 
1,514 ;  WF9 * « 0s420 { Yf22 « 
30-A 
1^14 17-6i /  4 .6  17.0  7 .9  11.8^/  
V/F9 6 .9  4 .6  7.0 5.6  6 .0  
0a420 11.5  15.2 10.4  17.6  13.7  
W22 4 .7  8.0 11.9  13.7  9.6 
Mean 10.2^ 8.1 11.6  11.2  10.3 
30-B 
M14 30 .3i /  30.5  30.7 28.4  30.os/ 
WF9 20.9  16.0  9.6 4.6  12.8  
0s420 22.9  23.5  19.3  23-0 22.2  
W22 26 .5  22.2  27.7  25.4  25.6  
Mean 25.22/  23.2  21.8  20.4  22.7  
Variety total means 
ia4 32.52/  36.7  37.0  35.2  35.4^1/  
WF9 20 .4  19.1  19.7  15.3  18.6  
0a420 32.3  30.8 22.6  30.1 29.0 
W22 37.4  25.8 30.6 32.6 31.6 
Mean 30.7^ 28.1  27.5  28.3 28.7 
Least significant differencea in anglea Probability 
between any two: 5% • 1^ 
u Iviesna occurring in body of table 7*1 9• 4 
2/ Parental means 3*6 4.? 
^ Variety total means 4*3 5*8 
5/ Parental total meana 2.2 2.9 
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Table 63. Analysis of variance of transformed germination 
reduction data. 1946. 
Source of variation 
Fieplications 
Varieties 
Inbreda 
Hybrids 
Inbreds vs. hybrids 
or 
Maternal parents 
Within maternal parents 
or 
Paternal parents 
Within paternal parents 
Elrror A 
Moistures 
60,^  vs. 4:0% 
40^  vs. oQi 
Moistures x varieties 
Error B 
Preozing treatments 
Troatmenta x varieties 
Treatments x moistures 
T X M X V 
Error C 
Total 
Degrees of Mean 
freedom square 
4 19.83 
15 1,544.86 
3 1,441.04 
11 1,659.76 
1 592.51 
3 6,189.31 
12 383.75 
3 234.82 
12 1,872.38 
60 70.02 
2 26,081.70 
1 16,488.15 
1 9,874.57 
30 274.29 
128 53.97 
1 36,573.46 
15 156.10 
2 1,432.42 
30 121.24 
192 31.46 
479 
varieties and treatments x varieties, wore highly si|.:nificant 
when tested v/ith the random error terms. Under the conditions 
of this particular experiment, the varieties cJid not respond 
alike at the different moisture contents and with the differ­
ent freezing treatments. 
Tolerance to freezing temporatux^e was shoYv'n by seed of 
WP9 and 03420, while ^'22 and M14 exhibited susceptibility. 
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Inbred seed wao generally leps Injured than the hybrid seed 
for the entire experiment. The greater injury to the hybrid 
seed occurred largely with freezes at 50 and 40 per cent 
moistures. A ponsible explanation for thif? difference 
betv/een eelfed and hybrid seed with the same maternal parent 
was found in the relative seed insturitieB. In general, the 
selfed seed wa? physlologicslly more moture, HB measured by 
the percentage of total dry matter accumulation, than the 
hybrid seed at the same moisture content. 
Significant differences were found between reciprocal 
single-crosR seed, indicating maternal effects on resistance 
of the seed to freezing temperatures. As shown by a com­
parison of the mean squares (Table 63) the maternal parentage 
of the seed had a significantly greater effect on freezing 
injury than the paternal parentage. Maternal effects would 
be found in the pericarp and In the endosperm. No relation 
of pericarp thickness to freezing tolerance was found, and 
so apparently endosperm characterisbicB are of importance in 
tolerance of the seed to freezing tempereture. The maternal 
effect was not consistent among the four inbreds, since there 
v;ere significant differences in freezing damage within mater­
nal parents, v/here 'WF9 "was the seed parent, the injury was 
not Influenced to any appreciable degree by the male parent, 
but was primarily aetermlned by the maternal characteristics 
of the seed. Thir? might at first indicate a dominance of 
frost tolerance, but ®F9 as a pollen parent did not increase 
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the tolerance of seed produced on the susceptible inbreda. 
Injury to seed with 0s420, W22, end MlA- aa eeed parents was 
influenced by the pollen parent, but in most caoeg the injury 
waa greater in the hybrid seed and vma not Influenced by the 
relative tolerance of the paternal parent. These results 
indicate that the effect of the paternal parent vjaa related 
to its influence on development of the seed. 
Table 64. Reduction in germination percentage grouped into 
reslf?tant x resistant, resistant x susceptible, 
and susceptible x susceptible. 1946. 
R X R R X 3 X S 
0s420xWF9 28.3 15*5 W22xWF9 23.1 11.2 Y/22x Ml4 39.5 34.6 
W22X0B420 29'7 27.2 
Mean 21.9 Ml4xWF9 38.6 15.? Liean 37'1 
m14X0S420 36.6 32.0 
Inbreds: 
WF9 14.1 
0s420 18.1 
liiean 16.2 
Kean 32.0 21.5 
26.8 
Inbreds: 
W22 31•5 
M14 30.5 
Mean 31'0 
When the single-cross means were grouped in resistant 
X resistant, resip.tant x susceptible, and susceptible x 
susceptible groups (Table 64), the R x R crosses were less 
injured than the S x S, and the R x S were internjediate. 
Gonaidering the maternal parent in the R x S group, tVie mean 
of the crosses with \VP9 and Oq420 as the maternal parents 
was close to the mean of the R x R and the mean of crosses 
with \V22 and Ml4 as the seed parent was near the mean of the 
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3 X S. Influence of the maternal parent in thua apparent, 
end the incroPBed suooeptibility of the hybrid seed Gom-
prred with inbred seed 1B also evident. 
Reeulta for the 1947 experiment are preoented in 
Tables 65, 66, 6?, snd 68. Injury war, more f.evere than in 
1946 under the same conditions, but eegentially the same 
conclusions may be dravm from this test, which represented 
only one mointure level and one freezing treatment. Inbreda 
were significantly less injured than the hybrid seed. There 
were no significant differencee between paternal parents, 
while the effect of ra.'^tornal parent v/aa highly significant. 
Significant differences within maternal parents were due to 
the tendency of the hybrid seed to be injured more during 
freezing. I'sternal characterintics were relatively more 
important than em.bryo conntitution in freezing injury to 
the seed. 
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Table 65* Lean germination percentage for seed of 4 Inbred 
lines and all porsnlble single cronseg harvepted 
at 50 per cent inolBture and given two treatments* 
1947. 
Frozen 8 hours at Unfrozen 
Variety 20*^  F. with huska check 
on ears 
Ml 4 l.O 72.0 
M14 X WF9 O.O 93.0 
Idl4 X 03420 O.O 90.0 
Kl4 X W22 3.0 88.0 
WF9 48.0 84.0 
WF9 X i.;l4 53.0 92.0 
WF9 X 0B420 46.0 93.0 
;VF9 X W22 41.0 89.0 
0s420 34.0 78.0 
0f3420 X ia4 35.0 90.0 
OB420 X WF9 30.0 89.0 
0s420 X \V22 33-0 92.0 
W22 9.0 73.0 
W22 X J.;i4 21.0 94.0 
W22 X W9 20.0 90.0 
\\'22 X OS420 20.0 92.0 
Table 66. Mean reduction in germination percentage. 1947. 
T£ Eternal : Paternal parent 
-r— 
« 
: Eean 
parent : M14 : WF9 : 09420 : W22 • • 
in4 71 93 90 85 84.8 
mP9 39 36 47 48 42.5 
0S420 35 59 44 59 54.3 
W22 73 70 72 64 69.8 
Mean 59>5 64.5 63.3 64.0 62.8 
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Table 67* Mean in ajnsles of transformed germinstion reduction 
data. 1947. 
Maternal ; Paternal parent : kean 
parent ; I ^F9 : 03420 : W22 : 
M14 57-5^/ 75.1 71-7 67.2 67.9^ 
WF9 38.6 36.8 43.3 43.9 40.6 
0s420 47.9 50.2 41.6 50.3 47.5 
\V22 57-3 55.6 58.1 53-3 56.8 
Kean 50.8^ 54.8 53»7 53-7 53-2 
Probability 
5% 1% 
\J Leapt Bignificant differences in angles 
between any two means in body of table 6.9 9-2 
2/ Least significant differences in angles 
between any two parental means 3»5 4.6 
Table 68. Analysis of variance of transformed germination 
reduction data. 1947* 
Degrees of tie an 
source of variation freedom square F 
Replications 3 17 .42 
Varieties 15 521 .17 22. 
Inbreds 3 378 -39 16. , l-iHt 
Hybrids 11 539 .12 22. 
Inbreds vs. hybrids 
or 
Maternal parents 
1 752 .08 31. 
3 2,-231 .66 . 94. .8'*^  
Within maternal parents 
or 
Paternal parents 
12- 93 .55 4. 
3 46 .91 2. 0 
Within paternal parents 12 639 .73 27' ^2^ HI-
Error 45 23 • 55 
Total 63 
'^••^ 'Significant at level of probability. 
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Seedling Vigor 
Tableri 69 and 70 present the mean green weightr, in grains 
per seedlini'j top for the 1946 experiment and the analysis of 
varlsnoe. 
Green weigiite of seedlings froni hybrid seed v/ere gener­
ally greater than from, inbred seed, but viability of hybrid 
seed tended to be reduced by freezing more than selfed seed. 
Hybrid vigor associated with the single-cross seed did not 
increase frost resistance" The two tolerant inbreds, WF9 
and 0b420, Vv-ere more vigorous than the two relatively suscepti­
ble inbreds, 1.114 and tV22, but increasing the vigor of the 
inbred lines through hybridization decreased the freezing 
tolerance of the seed. As explained later, physiological 
maturity was delayed in the hybrid seed. 
There were aignifleant reductions in seedling vigor of 
the frozen seed for some varieties; in others there was an 
apparent stimlation of vigor. Increases in seedling vigor 
as a result of freezing were more prevalent with seed har­
vested at 30 per cent moisture. Some of the increased green 
weight of seedlings from frozen seed may have been due to 
thinner stands in the more severely injured plots. Because 
weights v/ere taken only on normal appearing plants they do 
not give a complete picture of the vigor of the seedlings 
produced. Weak or abnormal seedlings were not included in 
the weigliings and they were more prevalent among the frozen 
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Table 69. Iviean green weight in per seedling top from 
seed of 4 inbred lines and all possible single 
cror.geo harvested at 50, 40, or 30 per cent 
moiature and frozen 8 hours at 20° F. (A = frozen 
with huBks on ears? B = frozen without hueks on 
ears; C = unfrozen checks.) 1946. 
Variety 
Koie ture content of tjeed 
50% M0% • • 30^ 
: A : b : G : A : b : G : A : b : G 
k14 .29^.24 .34 .46 .41 .41 .45 .48 .51 
I'll4 x wf9 .44 .32 .47 .48 .56 .61 .69 .72 .66 
m14 x os420 •39 .37 .43 •56 .57 .61 . 65 .56 .65 
ml 4 x Y(22 .40 .25 .38 .49 .42 .52 .58 •59 . 61 
vi'f9 .46 .40 .50 .64 .60 . 62 .84 .80 .72 
tff9 x l\lh . 60 .49 .59 .78 .70 .59 .82 .79 .68 
wp9 x os420 •79 .57 .59 .80 •79 .71 .89 .89 • 92 
ft'f9 x w22 •71 •58 .65 .83 .68 .72 .95 .89 .89 
0a420 .59 .61 .59 .58 •58 .73 •67 .71 .73 
0s420 x ml4 .60 .56 .72 .72 .57 .78 .78 .69 .67 
0s420 x wf9 .70 .67 .72 .84 .84 .86 .88 .83 .76 
0s420 x w22 .68 .62 .70 .76 .77 • 78 .91 .86 • 78 
w22 .MO .27^ ..41 .38 .38 .46 . 56 .55 .56 
w22 x m14 .42 —2/. 48 .47 .53 .53 .60 .64 .61 
w22 x wp9 .40 .41 .51 .56 .55 .59 .79 .72 •67 
w22 x 0a420 .42 .45 .51 .49 .50 .54 .71 .73 .68 
Mean .52 .49 .53 .62 •59 • 63 .74 •72 .69 
1/ Least significant dlfferenceg between any two means 
occurring In body of table; .07 grams at 5^ level 
.09 grams at 1^ level 
2/ None of the seed germinated. 
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Table 70. Analysis of variance of mean groon weight por 
3eodli):i£ top from soed of 4 inbrad liaoa and all 
possible slar;le croaaoa harvested at 50, 40, or 
30 per cent uioiature, and frosen 8 hours at 20° 
P. (A = frozen v/itli husks on ears; B = frozen 
v;lthout husks on oara; G =» unfrozen chocks.) 1946. 
Source of variation Degrees of 
freedom 
Mean 
square 
Replications 4 1,467.62 
Varieties 15 6,215.23 
Inbreds 3 6,034.36 
Hybrids 11 5,173.08 
Inbreds va. hybrids 1 18,222.27 
or 
Maternal parents 3 22,522.00 
Within maternal parents 12 2,138.60 
or 
Paternal parents 3 1,205.67 
"/ithin paternal parents 12 7,467.68 
Firror A 50 248.45 
Moistures 2 23,268.67 
50t vs. 40,< 1 11,052.98 
40;!:^ va. 30;:^ 1 12,658.00 
Lloistures x varieties 30 401.04 
Error B 128 60.30 
B'reesing treatments «"> (J 198.61 
A vs. G 1 39.66 
B vs, C 1 178.89 
Treatments x varieties 50 192.02 
Treatments x moistures 4 407.81 
M X T X V 59 99.01 
Srror C 369 29.24 
Total 703 
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lots. Flgurec 13, 14, 15, and 16 show the aeedlingn from the 
various treatmentP on two Bingle crosaea in 1946. 
Freezing without husks (treatment B) generally resulted 
in greater deoreaner, in seedling vigor than the lena f?evere 
freezing treatment with huskP. on the ears (A). 
iieedling vigor was influenced more by the maternal 
parent than by the paternal parent, as indicated by signifi­
cant differences between reciprocal crosBefi and by a compari-
eon of the mean squares for maternal and paternal parents. 
The tests were conducted in sand and the seedlings were 
dependent on seed reserves for growth. 
iieed harvested at 50 snd 40 per cent moisture produced 
seedlings with smaller green weights than seed harvested at 
30 per cent moisture. Other workers (15, 18, 42) have found 
that the more mature seed produced more vigorous seedllngr-. 
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Figure 13• M14 x WF9 seedlings, left to right: (2) = 50-B, 
(3) = 50-G, (1) = 50-A, (5) = 40-B, (4) = 40-A, 
(6) = 40-G, (9) = 30-G, (8) = 30-A, (?) = 30-B. 
Figure 14. M14 x WF9 seedlings, left to right: (2) = 50-B, 
(3) = 50-C, (1) = 50-A, (5) = 40-B. 
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Figure 15* 0s420 x Ml4 seedlings, left to right: (4) = 40-A, 
(6) = 40-C, (5) = 40-B, (8) = 30-B, (9) =30-0, 
(7) = 30-A, (2) = 50-B, (1) = 50-A, (3) = 50-G. 
Figure 16. 0s420 X M14 seedlings, left to right: (?) = 30-A, 
(2) = 50-B, (1) = 50-A, (3) := 50-G. 
Seed Maturity 
Mean dry v^elghts per 50 seeds, seed inaturitlGo, and 
analysis of variance of seed maturity are presented in Tables 
71. 72, and 73 for the 1946 experiment. Seed maturities and 
the analysis of variance for the 19^7 experiment are given 
in Tables 74 and 75- Dry weights for 1947 are included in 
Table 76. 
In both seasons, single-cross seed was significantly less 
mature physiologically at 50 and 40 per cent moisture than 
inbred seed (Tables 73 and 75)• The difference was greater at 
50 per cent raoisture t'aan at 40 per cent. Hybrid seed with WF9 
as the maternal parent was approximately equal to selfed WP9 
seed in maturity, but hybrid seed with 0s420, \V22, or Ml4 as 
the maternal parent was generally more immature than the cor­
responding selfed seed. Single-croas seed with these three 
lines as seed parents was also more injured by freezing than 
the inbred seed. Dry weight of single-cross seed was, in gen­
eral, greater than dry weight of selfed seed with the same 
maternal parent, but the development of the seed as measured 
by percentage total dry matter accumulation tended to be less 
for the hybrid seed. The differences between hybrid and selfed 
seed in physiological maturity may account for the greater 
freezing injury to viability of the hybrid seed. 
Seed v;lth \VF9 and 0s420 as maternal parents was more 
mature and germination was generally reduced less by freezing 
than seed with W22 or Ml4 as maternal parents. The effect of 
Table 71* I'.oBn dry weightB in grajii?, per 50 kernels of inbred 
and hybrid seed harvested at 50j or 30 per 
cent moisture. 1946. 
aternal 
parent 
Paternal parent 
• 
. ii^ean 
* 
• 
f/,14 : WP9 s 0s420 ; W22 
50^,?! rooloture 
i/il4 6.69^ 7-04 7-26 7-95 7.24^ 
\VF9 10.81 11-15 11.98 11.85 11.45 
0s420 11-77 12.80 12.05 12.53 12.29 
1122 S.06 9-18 8.99 8.46 8.67 
Ueen 9*33^ 10.04 10.07 10,20 9-91 
40moisture 
Ml4 3.76^ 9.27 10.19 10.63 9-71^ 
WF9 13.27 13-19 13-87 13-75 13-52 
0 S420 15-18 14.38 16.23 15.17 15.24 
v;22 10.43 11.91 12.20 11.14 11.42 
liiean 11.91^ 12.19 13.12 12.67 12.47 
30;;^ moi.gture 
M14 9.62^/ 11.9s 12.97 12.97 11.89^ 
'.VF9 14.92 14.83 15-11 14.95 14.95 
0n420 15.55 17.09 14.85 16.76 16.06 
V,'22 13.11 
^ i 
14.49 14.20 12.35 13.54 
Mean 13.30-^ 14.60 14.28 14.26 14.12 
Probability 
1/ 5?o 1% 
Least significant difference between means 
of varieties x moistures in body of tablea.. .45srB« .596^ 
2/ 
Least significant difference between 
parental means 22gr8. '30qv 
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Table 72- iWean aeed maturity in percentage aa measured by 
50/30 or A0/30i 1946. 
Maternal : Paternal parent l.ean 
parent : M14 : \VP9 : Os420 ; W22 
50/30 in % 
K14 
YiF9 
0s420 
W22 
69.5^ 
72.5 
75.7 
61.5 
58.8 
75.2 
74.9 
63.4 
56.0 
79.3 
81.1 
63.3 
61.3 
79.3 
74.8 
68.5 
61.4^ 
76.6 
76.6 
64.2 
Mean 69«9^/ 68.0 69.9 71.0 69-7 
40/30 in % 
Ml 4 
WP9 
0a420 
W22 
91. oi/ 
88.9 
97.5 
79.6 
77.4 
88.9 
95.0 
82.2 
7 8 - 6  
91.8 
96.8 
85.9 
82.0 
91.9 
90.5 
90.2 
82.2^/ 
90.4 
95.0 
84.5 
Mean 89.3^ 85.9 88.3 88.7 88.0 
Leaat significant differences between Probability 
any two: , 
]y variety x moiature means 2.7/i 3'6;ii 
^ parental, means l-y/o 1.8)^ 
the maternal parent on aeed size and aeed maturity waa signif­
icantly greater than the effect of the paternal parent. 
Freezing injury to viability in the 19^7 experiment was 
more severe than in the 1946 experiment for aeed with 50 per 
cent moisture at harvest. Seed weights and maturities for 
the tv/o seasons are presented in Table 76 for comparison. 
Average dry weight of seed with 50 and 30 per cent moisture at 
harvest in 1947 was 19*6 and 5*5 per cent, respectively, 
lighter in weight than corresponding seed in 1946. Maturity 
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Table 73• Analysis of variance of percentage seed maturity. 
1946. 
Source of variation Degrees of Mean 
freedom square 
Varieties 15 596.75 
Inbreds 3 226.86 
Hybrids 11 667.00 
Inbreds vs. hybrids 1 933.56 
or 
Maternal parents 3 2,228.50 
V/ithin maternal parents 12 188.81 
or 
Paternal parents 3 82.20 
Within paternal parents 12 725.38 
Freezing treatments 2 6.43 
Isiloistures 1 16,120.50 
Treatments x varieties 30 6.50 
Moistures x varieties 15 36.71 
Treatments x moistures 2 5.22 
V X T X M 30 5«08 
Error 96 4.32 
Total 191 
of seed with 50 per cent moisture was 10.6 per cent less in 
1947 than in 1946. While the seed contained the aarae amount 
of moisture when frozen in both years, the physiological 
maturity of seed with 50 per cent moisture in 1947 was prob­
ably more nearly the stage of seed with 60 per cent moisture 
in the previous year. Unusually hot weather and drying winds 
were probably responsible for the more rapid drying of seed 
at the higher moisture contents (above 40 per cent) on the 
ear in 1947• 
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TablG 74. Mean seed ninturlty in per cent. 1947* 
Maternal j 
parent ! 
Paternal parent ! fee an 
• 
• 
• 
Ml 4 ; WF9 : Ob420 ; W22 
56.2^^ 
50/30 In /o 
49.2^/ Ml 4 45.7 45.7 49.7 
WP9 62.4 66.8 69.2 67.6 66.5 
0s420 64.4 63 • 6 70.4 63.1 65.4 
W22 53.0 54.1 54.7 58.9 55.2 
Mean 59.0^ 57.5 60.0 59.8 59.1 
Least significant difference3 between Probability 
. any two: 5% 1% 
1/ means in body of table 4.8^ 6*5% 
^ parental means 2*h% '5•'5% 
Table 75• Analysis of variance of percentage seed maturity. 
1947. 
Source of variation Degrees of Mean 
freedom square 
Varieties 15 260.05 
Inbreds 3 176.45 
Hybrids 11 275.80 
Inbreds vs. hybrids 1 337.61 
or 
Maternal parents 3 1,095.83 
Within maternal parents 12 51.11 
or 
Paternal parents 3 19.83 
Within paternal parents 12 320.11 
Freezing treatments 1 8.12 
Treatments x varieties 15 32.85 
Error 32 11.16 
Total 63 
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Toble 76. Coinparl~on of mean dry weight in grams per 50 ker-
nelc. and percentage eeed maturity for inbrc5d and 
hybrid seed harvested at 50 or 30 per cent moisture 
in 1946 and 1947-
Variety 
Dry v/eif^ht in graniB 
1946 vs. 1947 
% maturity 
1946 vs. 1947 
1946: 1947: 1^47 
50;^: 50:^; 1946 
• • 
• • 
1946; 1947: 1947 
30^: 30%'. 1946 
1946: 1947:0iff 
50^ ; 50% ; in 
3^ : 3W : 
ill4 
K14 X \VF9 
Ml4 X 0g420 
M14 X y.'22 
Mean 
6.69 5.11 76.4 9.62 9.10 94.6 69.5 56.2 13.3 
7.04 5«35 76.0 11.98 11.70 97.7 58.8 45*7 13.1 
7.26 5-42 74.7 12.97 11.87 91.5 56.0 45.7 10»3 
7.95 5.71 71.'8 12.97 11.50 88.7 61.3 49.7 11*6 
7.24 5.40 74.6 11.89 11.04 92.9 61.4 49'3 12.1 
W?9 11.15 8*95 
W?9 X Ml4 10.81 8.46 
WF9 X C342O 11.98 9.70 
\7F9 X W22 11.85 9*56 
80.3 14.83 13.40 90.4 75.2 66.8 8.4 
78.3 14.92 13.55 90.8 72.5 62.4 10.1 
81.0 15.11 14.02 92.8 79.3 69.2 10.1 
80.7 14.95 14.15 94.7 79.3 67-6 11.7 
Mean 11.45 9.17 80.1 14.95 13.78 92.2 76.6 66.5 10.1 
03420 12.05 10.00 
Os420 X M14 11.77 9.57 
0B420 X WF9 12.80 10.70 
08420 X W22 12.53 10.47 
85.0 14.85 14.20 
81.3 15.55 14.85 
83.6 17.09 16.83 
83.6 16.76 16 .60 
95.6 81.1 
95.5 75-7 
98.5 74.9 
99.1 74.8 
70.4 10.7 
64.4 11.3 
63.6 11.3 
63.1 11.7 
Kean 12.29 10.18 82.8 16.06 15.62 97.3 76.6 65.4 11.2 
W22 
W22 X M14 
W22 X WP9 
W22 X 0s420 8.99 7.21 
8.46 7.07 
8.06 6.70 
9.18 7.52 
Mean 
Grand Mean 
8.67 7.12 
9.91 7-97 
83.6 12.35 12.00 
83.1 13.11 12.65 
81.9 14.49 13.89 
80.2 14.20 13.18 
82.1 13.54 12.93 
80.4 14.12 13.34 
97.2 68.5 58.9 9.6 
96.5 61.5 53-0 8.5 
95.9 63.4 54.1 9.3 
92.8 63.3 54.7 8.6 
95.5 64.2 55.2 9.0 
94.5 69.7 59.1 10.6 
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Table 77* Mean green weight In grams per seedling top of 
4 single crossen grown from seed harvested at 
50 or 30 per cent molnture in 1946 or 1947' 
Moisture content of seed at harvest 
Variety 505^ 30fo 
: 1946 
: grams 
; 1947 
! grams 
1947: 
1946: 
% 
1946 
grams 
1947 
grams 
1947 
1946 
% 
WF9 X Ml4 
Kl4 X W22 
W22 X K14 
QS420 X W22 
.431/ 
.42 
.45 
.65 
.33 
• 35 
.39 
.43 
16.1 
83.3 
36.1 
66.1 
.71 
.77 
.62 
.83 
.62 
.66 
.59 
.65 
87.3 
85.7 
95.1 
78.3 
Mean .48 .37 77.1 .73 .63 86.3 
1/ Least significant differences in grams between any two 
means for seedling weight in "body of tahle = .06 at level 
.08 at 1% level 
Further evidence that 1947 seed was physiologically more 
immature than 1946 seed at the same moisture content is given 
in Table 77. Sinsle-cross seed (unfrozen checks) with 50 and 
30 per cent moisture at harvest in both seasons was planted 
at the same time in sand in the greenhouse for comparison of 
seedling vigor. Seedlings from 1947 seed were significantly 
lighter in green weight 16 days after planting than seedlings 
from 1946 seed, indicating that there was a difference in the 
quality as well as the quantity of seed reserves in the two 
seasons. 
These data suggest that the difference in tolerance of 
the seed to freezing temperature may be associated, in pert, 
with the relative stage of seed development when moisture 
content is similar. 
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DI3GUSSI0N 
The exact mechanism of freezing Injury to seed corn can 
not be deter:i:ined from the results of this study, but the 
data obtained suggest that both intercellular and intracell­
ular ice formation were responsible. Any attempt to observe 
the locale of crystallization would necessitate microscopic 
examination of cut sections, which is an unnatural condition, 
and would not be expected to give a true picture of what 
actually happens in the whole kernel during freezing. Detailed 
microscopic studies with modern cytological techniques after 
freezing may provide valuable clues. PJiesselbach and Ratcliff 
(27) found no rupture of cell walls or other cytological 
effects of freezing and ice formation within the kernels. 
Presence of ice in the seed was not an Indication that 
the seed was killed, since some of the seed in which ice could 
be observed was capable of strong germination. Frozen seed 
was usually spongy and soft at the higher moisture content, 
and was very susceptible to rapid infection unless exposed to 
favorable drying conditions after freezing and thawing. After 
drying in the seed-corn drier, severely frozen seed showed a 
darkened color of the embryo which agrees with the previous 
work (27), but some of the samples of frozen seed with low 
germination percentage were indistinguishable from comparable 
unfrozen seed on the basis of embryo color. After further 
cirying at 93° C. for dry weight determinations the endosperm 
and embryo of all the low germination samples were muoh 
darker in color than the unfrozen* These observations indi­
cate that physico-chemical alterations of the protoplasm had 
occurred as a result of ice formation and were probably 
responsible for death. Additional research will be necessary 
to establish the precise nature of the changes. 
£>helled, soaked seed was more severely injured than 
shelled seed in the freshly harvested condition at 35 cent 
moisture (Table 8). Physiology of the seed differs on the two 
sides of the after-ripening process. In the fresh condition 
enzymes are relatively Inactive and synthesis of protoplasm 
predominates. VYhen the seed is soaked after drying, enzymes 
are activated and digestion of protoplasm commences. The 
physiological role of water is apparently different, as sug­
gested by Sprague (53), who found that seed corn in the fresh 
condition was slow and Irregular to germinate while the same 
amount of water in the seed after drying resulted in quick 
and regular germination. V/ater in the soaked seed was appar­
ently more subject to crystallization and the protoplasm was 
more readily injured than in the fresh condition. Higher 
moisture content in the embryo of soaked seed may also have 
been a factor increasing the injury. Quicker killing, no 
reduction in seedling vigor, and no Increase in percentage of 
weak seedlings when soaked seed v/as frozen suggests that 
death may have resulted from Intracellular ice formation. 
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In contrast to these reaulta, uhelled seed in the fresh condi­
tion was more slowly killed by freezing, indicating a closer 
association of water with the protoplasm. Fresh seed on the 
cob without husks was protected by heat conduction from the 
cob, while ears with husks were further protected from heat 
losses during freezing. 
f/iGturing ears with and without husks attached were given 
various freezing treatments when the seed contained 65 to 30 
per cent moisture. Several effects were noted; reduction in 
seedling vigor, but in some cases a stimulation of vigor as 
n'.eaaured by green weight of seedling tops, abnormal seedlings, 
and finally complete death of the seed. The progressive.type 
of injury observed indicates that intercellular ice formation 
accompanied by dehydration of the protoplasm and eventually an 
irreversible physico-chemical change of the protoplasm produced 
injury. Localized killing, as evidenced by the failure of some 
frozen seed to develop either a plumule, a radicle, or more 
than one or two leaves suggests that localized intrecellular 
ice formation may have occurred in the embryo. Enzymes are 
generally considered to be closely associated with the proto­
plasm, and alterations in protoplasmic structure as a result 
of freezing ;rjay also alter the activity of some of the enzymes, 
enzyme substrates, or both which might be reflected in seedling 
weights. Reduction in seedling vigor may not carry over into 
the yield of grain grown from frozen seed, since there v;ere no 
significant differences between frozen and unfrozen seed in 
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the yields of corn produced when approximately equal etands 
wore obtained In a poor i,^ro\vlns season. 
The freezing experimentp. with msturing earE of com v/ere 
conducted v?ith controlled laboratory teraperatureo Intended to 
aimulcte typical autumn freezes a?, they might occur in the 
field. The followln^s factors v/ere found to affect the viabil­
ity and to some extent the seedling; vigor of frozen seed corns 
(1) temperature, (2) duration of exposure, (3) molBture content 
of the Reed, (4) vai^iety of need, (5) husk protection, (6) phya-
iological maturity aa measured by the percentage of the total 
dry matter accuiiiuleted, (7) rate of freezing, and (8) rate of 
drying after freezing. 
In the experiments in which teinpersture, duration, moisture 
content, and variety of seed were Investigated, it was found that 
main effects and interactions were significant when tested against 
random error. Thus the response of any single variable wac de­
pendent upon the level of the other variables. Loss of germina­
tion as a result of freezing was dependent upon the four factors 
listed above and no dletinction as to their relative importance 
can be made. Injury was directly related to the moisture content 
and duration of exposure and inversely related to temperature. 
The behavior of the two varieties of seed was siiailar in that \VP9 
X Kl4 was consistently more tolerant of freezing temperature than 
03420 X V.'22 whether the seed was or Fg. Larger ear size of 
single-cross plants was effective in reducing the freezing injury 
when compared with the sinaller ears of inbred plants. Seed 
viability v/as reduccd considerably more in the 1947 freezes 
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than in 19^6, and the apoarent yearly interaction adds to the 
difficulty of estimating viability losses. 
The huak was a very effective protector of viability dur­
ing freezing, and was more Important for some inbred lines 
than for others. The average ten'-oersture under the husk was 
F. after TH hours at 20° ?. with little difference between 
the temperature of the four inbreds checked. Further work with 
thermocouples should be done to check these results and, if 
possible, to determine temperatures of the seed itself during 
exposure to freezing temperatures. Although husk protection 
was of value, the inbreds that were tolerant when frozen with 
husks on the ears were also tolerant when frozen without husks, 
indicating that some of the factors responsible for tolerance 
were associated with the seed. 
Physiological maturity v/as measured by the percentage of 
total dry matter accumulated. Seed at 30 per cent moisture was 
assumed to be physiologically mature end the dry weight of this 
seed was used in determining the percentage maturity at higher 
moisture contents. Robinson (42) and others have found that 
msximuni kernel wei-;^Vjt was reached when the grain contained 
approximately 40 per cent moisture. This figure is too high 
for the material used in the present study, since dry weights 
increased for all varieties of seed after 40 per cent moisture. 
With a higher percentage of total dry matter accumulated 
at a specific moisture content, the water may be "bound" more 
closely to the prcitoplasm and less subject to crystallization. 
-156-
The prot-oplasrn niay be more viaeous and elastic, thereby renist-
.1ns dehydration ond reducing the aiijount of cell ahrlnksge during 
freezing, or the prv:)toplanin msy be chea;icslly different. 
Beed produced In 19''+? v;aa physiologically more Immature 
than the \9h6 seed at the f.au.e inoiature content, which may 
explain the Tiiore severe injury that occurred in the 19^7 freez­
ing. Physiological maturity way also related to freezing 
tolerance of the seed of inbred lines J the more rapidly maturing 
lines tended to be tnore tolerant. Some of the greater Injury to 
single-crofi.s seed compared to inbred aead with the caine maternal 
parent n;ay be accounted for by the relative physiological imma­
turity of the hybrid seed at the same moisture content* The 
study by Groazmann (1?) showed that physiological maturity, as 
defined in the present investigation, of the hybrid seed was 
leoR than the aibbed seed at the same interval after pollination. 
G-errnination percentage for immature sibbed seed was less than 
for the hybrid seed of cotiiparable maturity (18) . Jiiagee (36) 
studied the rate of embryo development in the material used by 
Groszmsnn, and found that the hybrids were generally, but not 
consistently, more rapid than the inbreds in organ initiation. 
Rate of freezing influenced freezing injury principally 
through an effect on the rate of cooling and duration of freez­
ing. Ears that were pre-cooled to 35® ?•> were more severely 
injured than ears warmed to room temperature before freezing. 
These results indicate that less freezing damage may occur in 
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the field after s warm day than after a cool day. Rate of 
thawing had no effect on the viability of frozen seed com. 
Rapid drying after freezing wae found to have a highly 
significsnt injurioue effect. When frozen seed was allowed 
to dry slowly after freezing, germination averaged 20.3 
per cent higher than corresponding seed dried in the seed-
corn drier shortly after freezing. Protoplasm of the seed 
ip undoubtedly very sensitive after freezing and may recover 
R0!!iewhat by slow drying, whereas another quick dehydration 
of the protoplaBui soon after freezing may prevent any recovery 
and cause further injury. All of the frozen seed in the other 
studies of this thesis was pieced in the drier within 24 hours 
after freezing and the germinations reported might be lower 
than would have occurred if the seed had been dried more 
slowly. 
Kieaselbach and Ratcliff (2?) obtained more extensive 
freezing injury to seed corn, but the majority of their con­
trolled freezing experiments were with sections of ears 
frozen 24 hours without husk protection. They made some con-
tolled treatments with whole ears protected by the husks, and 
generally found less damage than occurred with similar treat­
ments in the present Investigation. Different varieties and 
more variability in moisture content of individual kernels 
on the open-pollinated varieties used in their work may account 
for some of the discrepancies. 
Tolerance of the seed of inbred lines was significantly 
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related to physlologlcel iiisturity and to seedling vigor. The 
relationship of tolerance to need size was not significant, but 
there was a trend toward greater Injury with small seed size. 
Other characterlBtics of the seed are undoubtedly Important in 
tolerance to freezing temperature. Only one temperature and 
duration of exposure, eight hours at 20° F., was used in the 
experiments to determine the relative tolerance of inbreds. 
I 
Before making widespread recoiBraendationa on the relative tol.er-
ance of inbreds to freezing temperatures, it would be desirable 
to test them under several freezing conditions including actual 
field freezes. The portable field refrigeration chambers 
described by Holbert and Burlison (25) permit an evaluation of 
frost resistance of the plants as well as of the seed. Wide 
variations in the resistance of the plants to cold injury In 
the fall were found to exist among inbreds, recombinations of 
inbreds, and In open-pollinated varieties as they approached 
maturity (21, 22), but no data were presented in these studies. 
It would be desirable to have freezing tolerance of the seed 
and plant combined, since the plants are likely to be more 
injured by premature killing frosts than the seed. With death 
of the leaves and stalk, translocation of food material to the 
seed ceases and the kernels fail to mature. 
Iwaternal characteristics of the seed were found to be 
relatively more Important than embryo constitution. Where 
early frosts are a hazard in hybrid seed com production, it 
appears that frost damage to seed viability may be reduced by 
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uslng the more tolerant parent as the female parent, provided 
the two parents are of approximately the game maturity, as 
TTiesRured by inolnture content of the need. Throughout this 
study, the comparisons of frost tolerance of different varieties 
of seed have been on the basis of approximately equal m.oisture 
content in the need. This is an artificial condition because 
the varieties would not necessarily be at the same moisture 
content in the field when a frost occurred. Therefore, s tol­
erant variety might easily be more injured than a susceptible 
variety if the latter was at a lower moisture content. The 
first criterion in selecting the seed parent for frost resist­
ance should be the relative earliness of the variety, as 
measured by moisture content of the grain. With varieties of 
similar moisture contents, it appears possible to reduce frost 
Injury by using a tolerant variety as the seed parent. 
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iiUmPRY 
Preliminary studies were conducted with air-dry shelled 
corn soaked to various moif^ture contents and given different 
freezing treatments. Maturing ears of corn with seed containing 
65 to 30 per cent moisture were harvested and frozen under con­
trolled laboratory conditions intended to simulate typical 
freezes as they might occur in the field. The effects of freez­
ing temperature on seed viability and vigor were investigated. 
(1) Viability of soaked seed was injured more than seed 
of the same moisture content in a freshly harvested condition. 
Seedling vigor of soaked seed was not reduced and there was no 
increased percentage of v;eak seedlings as a result of freezing. 
All of the injured seeds were killed outright. Fresh seed was 
protected by the cob-and husk, but was still more tolerant 
than soaked seed under the same exposure conditions. 
(2) In freezing experiments with maturing ears of corn, 
reduction of seed viability depended on the following factors: 
(a) temperature, (b) duration of exposure, (c) moisture content 
of the seed, (d) variety of seed, (e) husk protection, (f) phys­
iological maturity of the seed, (g) rate of freezing, and 
(h) rate of drying after freezing. Rate of thawing had no 
significant effect on the viability of frozen seed corn. 
Repeated freezing and thawing was less injurious than continu­
ous freezing when the total exposure time was the same, and 
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the first exposure was more Injurious than subsequent exposures 
to the same freezing oonditiona. 
(3) Green weight of seedling tops from frozen, immature 
seed was generally reduccd and there was a larger percentage of 
weak seedlings than in unfrozen seed. There was no elgnificant 
difference between the yield of corn grown from frozen and 
unfrozen seed when approximately equal stands were obtained. 
(4) Germination of frozen seed was more rapid than of 
unfrozen seed before drying. 
(5) Significant differences in freezing tolerance of the 
seed were found among inbred lines. Tolerance was significantly 
related to seedling vigor and to physiological maturity of the 
lines. The relationship of tolerance to seed size was not 
significant. Husk protection was of more value to some inbreds 
than to others. It was possible to obtain' preliminary inform­
ation on relative tolerance of inbreds by soaking and freezing 
air-dry shelled seed. 
(6) Katernal seed characteristics were more important to 
freezing tolerance than embryo constitution. The viability of 
some single-cross seed was reduced significantly more than 
Inbred seed with the same maternal parent. In these cases, 
the hybrid seed tended to be physiologically more immature 
than the inbred seed at the same moisture content. 
(7) Freezing injury v/as greater in 1947 than in 1946. 
r^eed corn in 1947 was physiologically more immature than the 
saiiie seed in 1946 at a eimnar moisture content. 
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